
(12) INTERNATIONAL APPLICATION PUBLISHED UNDER TEE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property 
Organization 
Internationa! Bureau 

(43) International Publication Date 
18 November 2004 (18.11.2004) 




PCT 



(10) International Publication Number 

WO 2004/099185 Al 



(51) International Patent Classification 7 : C07D 401/12, 
417/12, 207/ 1 6, 409/ 12, A61 K 31/4 025 

(21) International Application Number: 



(22) International Filing Date: 

(25) Filing Language: 

(26) Publication Language: 



PCT/JP2004/006568 
10 May 201)4(10.05.2004) 
English 
English 



(30) Priority Data: 
2003902260 



9 May 2003 (09.05 .2003) AU 



(71) Applicant (for all designated Slates except US): FU- 
JISAWA PHARMACEUTICAL CO. LTD. [JP/JP]; 
4-7, Doshomachi 3-chome, Chuo-ku, Osaka-shi, Osaka 
5418514 (JP). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): SHI MA, Ichiro 
[JP/JP]; c/o Fujisawa Pharmaceutical Co., Ltd., 4-7, 
Doshomachi 3-chome, Chuo-ku, Osaka-shi, Osaka 
5418514 (JP). KUROSAKI, Toshio [JP/JP]; c/o Fujisawa 
Pharmaceutical Co., Ltd., 4-7, Doshomachi 3-chome, 
Chuo-ku, Osaka-shi, Osaka 5418514 (JP). WADA, Aiko 
[JP/JP]; 19-16-201, Sugesengoku 2-chome, Tama-ku, 
Kavvasaki-shi, Kanagawa 2 1 40006 (JP). 

(74) Agents: KOTANI, Etsuji et ah; Nichimen Building 2nd 
Floor, 2-2, Nakanoshima 2-chome, Kita-ku, Osaka-shi, Os- 
aka 5300005 (JP). 



(81) Designated States (unless otherwise indicated, for every 
kind of national protection available): AE, AG, AL, AM, 
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN, 
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, PI, 
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JI> KE, 
KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA, MD, 
MG, MK, MN, MW, MX, MZ, NA, NT, NO, NZ, OM, PG, 
PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL, SY, TJ, TM, 
TN, TR, TT, TZ, UA, UG,.US, UZ, VC, VN, YU, ZA, ZM, 

zw. 

(84) Designated States (unless otherwise indicated, for every 
kind of regional protection available): ARIPO (BW, GH, 
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM, 
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI, 
FR, GB, GR, HU, IE, IT, LU, MC, NL, PL, Ff, RO, SE, SI, 
SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, 
GW, ML, MR, NE, SN, TD, TG). 

Published: 

— with international search report 

— before the expiration of the time limit for amending the 
claims and to be republished in the event of receipt of 
amendments 

For two-letter codes and otfier abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations " appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



= (54) Title: 2-C YANOPYRROLIDINE DERIVATIVES AND THEIR USE AS DPP-IV INHIBITORS 




(57) Abstract: A compound of the formula (I) or a pharmaceu- 
tical ly acceptable salt thereof: [wherein X is CFH, orCF?2#l9l, 
R^l ? is the moiety represented by the formula: [wherein R^2? is 
(Iower)alkyl, R^3? is phenyl -(lower)alkyl, and the like.], and the 
like.] Compounds of formula (I) inhibit DPP-IV activity. They 
are therefore useful in the treatment of conditions mediated by 
DPP-IV, such as N1DDM. 




WO 2004/099185 PCT/JP2004/006568 

DESCRIPTION 

2 - C YANO P YRROLI D INE DERIVATIVES AND THEIR USE AS DPP-IV INHIBITORS 

5 TECHNICAL FIELD 

This invention relates to the compounds and 
pharmaceutical^ acceptable salts thereof which inhibit 
dipeptidyl peptidase-IV (DPP-IV). 

Moreover, this invention relates to medicament or 
10 pharmaceutical composition comprising the 

above-mentioned compounds or pharmaceut ically 
acceptable salts thereof as an active ingredient , a method 
for treatment and/or prevention of NIDDM, or the like, 
and use of the above compound. 

15 

BACKGROUND ART 

It is known that DPP-IV has various physiological 
functions in living body, especially has the action which 
inactivates Glucagon-like peptide-1 (GLP-1) by cleaving 

20 the terminal dipeptide ( His -Ala ) . That is, the resultant 
peptide is the receptor antagonist of GLP-1 and totally 
reduces the activity of GLP-1. 

This GLP-1 has very important role in sugar metabolism. 
For example, (1) GLP-1 intensifies the secretion of 

25 insulin, (2) express genes which are indispensable for 
the secretion of insulin, (3) stimulate proliferation of 
P-cell, (4) suppresses secretion of glucagon, (5) 
suppresses the function about secretion and motility of 
digestive organs (especially, peristalsis), and (6) 

30 suppresses appetite. That is, GLP-1 restricts food 
ingestion, postpones the process of digestion and 
absorption, and raised the use of the sugar in blood. 

Therefore, the inhibitor of DPP-IV can maintain the 
activity of GLP-1, so it is expected as a medicine to treat 

35 and prevent various diseases, especially non-insulin 
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dependent diabetes mellitus (NIDDM). 

Hitherto , such inhibitors of DPP-IV are known so far. 
For example, in US 6,011,155, 2 -cyanopyrrolidine 
compounds like following are disclosed. 



NC Xj " O » 2HC1 




Pyrrolidine, l-[[2-[(5-cyano-2- 
pyridinyl)amino]ethyl]amino]actyl-2-cyano, 
(S)- 3 monohydrochloride 

In US 6 , 110 , 949 , 4 - cyano thi az olidine compounds like 
following are disclosed. 



H V CN HCl 



3-[(Cyclohexyl)amino]acetyl-4-cyano-(R)- 
thiazolidine monohydrochloride 

In US 6,124,305, 2 - cyanopyrrolidine compounds like 
10 following are disclosed. 




TV 




CN HCl 



Pyrrolidine, l-[(2,6,6-trimethylbicyclo[3.1.1]hept-3- 
yl)amino]acetyl-2-cyano, (S)[lS[la,2p,3a(S),5a]] 
monohydrochloride 

In WO 00/34241, 2 -cyanopyrrolidine compounds like 



following are disclosed. 



HO 





CN 



"LAF-237" 

Pyrrolidine, l-f(3-hydroxy-l-adamantyl)amino]acetyl- 
2-cyano, (S) 

WO 02/02556 discloses following compounds as a4 
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integrin receptor antagonists for treating integrin 
mediated disorder such as asthma, rheumatoid arthritis, 
or the like. 

.Re 




B 2 ' 

5 In the above formula, R 3 and R 5 may be bonded to form a 
pyrrolidine ring. However, such compound or compounds, 
which has hydrophilic group on azabicyclo moiety, are not 
described specifically. 

WO 03/002553 discloses ( 2 S , 4 S ). - 4 - f luoro - 1 - ( { [ 1 - 
10 ( isopropylsulf onyl ) - 4 -piperidinyl ] amino } acetyl ) - 2 -pyr 
rolidinecarbonitrile hydrochloride . 




CN HCI 

However, the other pyrrolidinecarbonit rile compounds 
substituted by [( lower ) alkyl ] sulf onyl group are not 
15 described. 

WO 03/074500 discloses ( 2 S , 4 S ) - 4 - f luoro - 1 - ( 2 - 
{ [ 1 - ( 2-pyrazinyl ) piper idin - 4 -yl ] amino } ace tyl ) - 2 -pyrro 
lidinecarbonitr ile . 



F 



o 




CN 



DISCLOSURE OF INVENTION 

Under the above situation, the inventors of this 
invention found that the introduction of the oxime 
derivative group at appropriate position of the compound 
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result in remarkable improvement of the activity to 
inhibit DPP-IV, and completed this invention. 

Accordingly, this invention relates to DPP-IV 
inhibitor. More particularly, this invention relates to 
5 DPP-IV inhibitor useful for treating or preventing 
conditions mediated by DPP-IV, more particularly useful 
for treating or preventing altered glucose tolerance, 
glucosuria, hyperlipidemia , metabolic acidosis, 
diabetes mellitus (IDDM and NIDDM) , diabetic neuropathy, 

10 nephropathy, and secondary diseases in mammals caused by 
diabetes mellitus. 

That is, one object of this invention is to provide 
new compounds and pharmaceut ically acceptable salts 
thereof , of which activity to inhibit DPP-IV is remarkably 

15 improved against known compounds. 

Another object of this invention is to provide a 
medicament and pharmaceut ical composition containing the 
compound(s) and/or pharmaceut ically acceptable salts 
thereof as an active ingredient. 

20 A further object of this invention is to provide a 

method for inhibiting DPP-IV comprising. administering an 
effective amount of the compounds and/or pharmaceut ically 
acceptable salts thereof. 

A further object of this invention is to provide a 

25 useofthe compounds and pharmaceut ically acceptable salts 
thereof as medicaments. 

A further object of this invention is to provide the 
compounds and pharmaceut ically acceptable salts thereof 
which are useful for the manufacture of medicaments for 

30 treating or preventing conditions mediated by DPP-IV 
inhibition, more particularly useful for treating or 
preventing altered glucose tolerance, glucosuria, 
hyperlipidemia, metabolic acidosis, diabetes mellitus 
(IDDM and NIDDM), diabetic neuropathy, nephropathy, and 

35 secondary diseases in mammals caused by diabetes mellitus. 
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especially NIDDM . 

A further object of this invention is to provide the 
commercial package comprising the pharmaceutical 
composition containing the new compound. 

The compounds of this invention can be represented 
by the following formula (I): 




(i) 

[wherein 
10 X is CFH, or CF 2 , 

R 1 is the moiety represented by the formula 



R 3 -rr N > 




[wherein R 2 is ( lower ) alky 1 , 

R 3 is cycloalkyl, aryl- ( lower ) alkyl (which 
15 may have 1 to 3 subst ituent ( s ) selected from the group 
described later on the aryl group), or 
heteroaryl -( lower ) alkyl (which may have 1 to 3 
subs tituent ( s ) selected from the group described later 
on the heteroaryl group)], or 



R 6 

20 the moiety represented by the formula: 

[wherein R 4 is ( lower ) alky 1 , 

R 5 is hydrogen, or ( lower ) alkyl , 
R 6 is ( lower ) alkyl , cycloalkyl, aryl (which 
may have 1 to 3 subs tituent ( s ) selected from the group 
25 described later), or. heteroaryl (which may have 1 to 3 
subs tituent ( s ) selected from the group described later) , 
and 
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R 5 
R 6 /' 

the partial structure: - may form 

cycloalkylidene ] , 

the "substituent(s)" is( are ) selected from the group 
consisting of ( lower) alkyl , halogenated- ( lower) alkyl , 
.5 ( lower ) alkoxy , aryloxy, halogen, cyano, nitro, amino and 
hydroxy] 

In the above and subsequent description of the present 
specification, suitable examples of the various 
10 definitions to be included within the scope of the 
invention are explained in detail in the following. 

The term "lower" is intended to mean a group having 
1 to 6 carbon atom(s), unless otherwise provided. 

Therefore, the n ( lower ) alkyl " means a straight or 
15 branched chain aliphatic hydrocarbon, such as methyl, 
ethyl, propyl, isopropyl, butyl, isobutyl, tert-butyl, 
pentyl, hexyl , and the like, and it is preferably 
(C1-C4 ) alkyl , more preferably ( C 1 - C2 ) alky 1 , most 
preferably methyl. 
20 The "cycloalkyl" means (C3-C10) cyclo alkyl group, 

such as cyclopropyl , cyclobutyl, cyclopentyl, cyclohexyl, 
cycloheptyl, norbornyl, adamantyl, and the like, and it 
is preferably cyclopentyl or cyclohexyl. 

The "cycloalkylidene" is divalent cycloalkyl group. 

R 5 

B=V' 

25 Therefore, the partial structure: ' may be 

exemplified 

, and the like. 

The "aryl" means an aromatic hydrocarbon group, such 
as phenyl, naphtyl, indenyl, and the like, and it is 
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preferably ( C6 - CI 0 ) aryl , more preferably phenyl. 

The w aryl- ( lower ) alkyl " means the n ( lower ) alky 1 " 
group mentioned above substituted by aryl group, and 
include benzyl, i -phenylethyl , 2 -phenylethy 1 , 
5 3-phenylpropyl, 4 -phenylbutyl , naphtylmethy 1 , 

2-naphtylethyl , and the like, and it is preferably 
phenyl-(lower)alkyl, phenyl- ( CI -C4 ) alkyl . more 

preferably phenyl- ( CI -C2 ) alkyl , most preferably benzyl . 

Especially, the " phenyl -( lower ) alkyl " means the 
10 "( lower ) alkyl" group mentioned above substituted by 
phenyl group, and include benzyl, 1-phenethyl, 

2- phenethyl , 3-phenylpropyl , phenylisopropyl , 
4 -phenylbutyl , 6 -pheny Ihexyl and the like, and it is 
preferably phenyl -( CI -C4 ) alkyl , more preferably 

15 phenyl -( CI -C2 ) alkyl , most preferably benzyl. 

The "heteroaryl" means 5-, 6-membered or condensed 
polycyclic aromatic heterocyclic group which contains at 
least one hetero atom such as nitrogen, oxygen, sulfur 
atom. The "heteroaryl" may include 5-membered 

20 heteroaryl group such as pyrrolyl , imidazolyl, pyrazolyl, 
thienyl, furyl, oxazolyl, isoxazolyl, thiazolyl, 
isothiazolyl , or the like; 6-membered heteroaryl group 
such as pyridyl, pyrazinyl, pyrimidinyl, pyridazinyl, or 
the like; and condensed polycyclic aryl group such as 

25 indolyl, isoindolyl, isoindole- 1 , 3 -dione - 2 -yl , quinolyl, 
isoquinolyl, benzof uranyl , chromenyl, benzothienyl , or 
the like; and is preferably 5-membered or 6-membered 
heteroaryl group, more preferably 5-membered or 
6-membered heteroaryl group containing nitrogen atom(s) , 

30 more preferably pyridinyl. 

Especially, the "pyridinyl" may be 2-pyridinyl, 

3- pyridinyl and 4-pyridinyl, preferably 2-pyridinyl or 
3-pyridinyl. The n pyridinyl -( lower ) alkyl " includeis 
pyridinylmethyl , 1 -pyridinyle thyl , 2 -pyridinyle thyl , 

35 3-pyridinylpropyl . pyridinylisopropyl , 
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4-pyridinylbutyl , 6 -pyridinylhexyl and the like, and it 
is preferably pyridinyl- ( CI -C4 ) alkyl , more preferably 
pyridinyl- (C1-C2 )alkyl , most preferably 

pyridinylmethyl . 
5 The "aryl- ( lower ) alkyl" , * heteroaryl -( lower ) alkyl " , 

"aryl" and "heteroaryl" groups may respectively have 1 
to 3 subs.tituent ( s ) on the aryl or heteroaryl group, the 
number of subs t ituent ( s ) is preferably 1 or 2 , more 
preferably 1, in case that these groups has plural 
10 subs t ituent s , they may be the same or different each other, 
but, needless to say, these groups may not have 
substituent. 

The "halogenated- ( lower ) alkyl" means the above 
(lower)alkyl substituted by halogen atom(s), such as 

15 f luoromethyl , chloromethyl , dif luorome thyl , 

dichloromethyl , dibromomethy 1 , trif luorome thyl , 

trichloromethyl , fluoroethyl, chloroethyl, 

2,2, 2 -trif luoro ethyl , 2,2, 2 - 1 r ichl oroe t hy 1 , 

2 , 2 , 3 , 3 , 3 -pentaf luoroethyl , f luoropropyl , fluorobutyl, 

20 fluorohexyl, and the like, and it is preferably 
halogen -substituted ( CI -C4 ) alkyl , more preferably 
halogen-substituted ( CI - C2 ) alkyl , more preferably 
fluorine-substituted ( CI - C2 ) alky 1 , more preferably 
fluorine-substituted methyl, most preferably 

25 trif luoromethyl , 

The "( lower ) alkoxy " means a straight or branched 
chain aliphatic hydrocarbon oxy group, such as methoxy, 
ethoxy, propoxy, isopropoxy, butoxy, isobutoxy, 
tert-butoxy, pentoxy, hexoxy, and the like, and it is 

30 preferably ( CI - C4 ) alkoxy , more preferably ( CI - C2 ) alkoxy , 
most preferably methoxy. 

The "aryloxy" means oxy group subsutituted with the 
above aryl, and includes phenyloxy, naphtyloxy, 
indenyloxy, and the like, and it is preferably phenyloxy. 

35 The "halogen" may include a fluorine atom, a chlorine 
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atom, a bromine atom or a iodine atom, more preferably 
a chlorine atom. 

The compounds of formula (I) may contain one or more 
5 asymmetric centers and thus they can exist as enantiomers 
or dias tereoisomer s . This invention includes both 
mixtures and separate individual isomers. However, in 
the portion of 2 - cy anopyrrolidine , ( 2S ) and /or ( 4S ) isomer 
is more preferable. 

10 Oxime derivatives may have two kind of geometrical 

isomers, that is, syn form and anti form, this invention 
includes both isomers. 

The compounds of the formula (I) may also exist in 
tautomeric forms and this invention includes bothmixtures 

15 and separate individual tautomers. 

The compounds of the formula (I) and its salts may 
be in a form of a solvate such as hydrate , which is included 
within the scope of the present invention. 

Also included in the scope of invention are 

20 radiolabelled derivatives of compounds of formula (I) 
which are suitable for biological studies. 

The compounds of this invention may be converted to 
salt according to a conventional method. Suitable salts 
of the compounds (I) are pharmaceut ically acceptable 

25 conventional non-toxic salts such as an organic acid salt 
(e.g., acetate, trif luoroacet ate , maleate, tartrate, 
methanesulfonate, benzenesulfonate, formate , 

toluenesulf onate , trif luoroacet at e , or the like.); an 
inorganic acid salt (e.g., hydrochloride, hydrobromide , 

30 sulfate, phosphate, or the like.), a salt with an amino 
acid (e.g. , arginate , aspartate , glutamate , or the like . ) , 
or the like, and the preferable salt is hydrochloride or 
trif luoroacetate salt. 



35 
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a compound of the formula (II) 




[ wherein 

X is CFH, or CF 2 , 
R 2 is ( lower ) alkyl , 

R 3 is cycloalkyl , ary 1 -( lower ) alkyl (which may have 
1 to 3 substituent ( s ) selected from the group described 
later on the aryl group), or heteroaryl- ( lower ) alkyl 
(which may have 1 to 3 substituent (s) selected from the 
group described later on the heteroaryl group), 

the "substituent ( s ) 0 is ( are ) selected from the group 
consisting of ( lower ) alkyl , halogen a ted- ( lower ) alkyl , 
( lower ) alkoxy , aryloxy, halogen, cyano, nitro, amino and 
hydroxy ] , and 

a compound of the formula (III) 



R 5 




[wherein 

X is CFH , or CF 2# 

R 4 is ( lower ) alkyl , 

R s is hydrogen, or (lower ) alkyl , 

R 6 is ( lower ) alkyl , cycloalkyl, aryl (which may have 
1 to 3 substituent ( s ) selected from the group described 
later ) , or heteroaryl (which may have 1 to 3 substituent(s) 
selected from the group described later) , and 

R 5 

the partial structure; *' may form 

cycloalkylidene , 

the " substituent ( s ) " is ( are ) selected from the group 

10 
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consisting of (lower) alkyl , halogenated- ( lower) alkyl , 
( lower ) alkoxy , aryloxy, halogen, cyano, nitro, amino and 
hydroxy ] . 



In the each definition of the compound formula (I) 





i- \J 


(III) . 


nrpf prablv 

yj J- ^ -i~ W CA KS -i- J[ f 




( 1 ) 


X 


is 


CFH , 




( 9 \ 


X 


is 


CF 2/ t 




K 3 ) 


R 2 


is 


(Cl-C4)alkyl, 


10 


(4) 


R 2 


is 


(Cl-C2)alkyl, 




f K \ 


R 2 


is 


methyl. 




f 6 } 
v o ; 


R 3 


is 


cycloalkyl , 




( 7 ) 
\ * i 


R 3 


is 


cyclopentyl or cyclohexyl. 




( 8 ) 


R 3 


is 


benzyl (which may have 1 to 3 subst ituent ( s ) 


1 s 

JL iJ 








on the phenyl group), 




V ) 


R 3 


is 


benzyl (which may have 1 substituent on the 








phenyl group) , 




( 10 


) R : 


5 is pyridinylmethyl (which may have 1 to 3 










substituent ( s ) on the pyridinyl group). 


20 


( 1 1 


) R 


3 is 


pyridinylmethyl ( which may have 1 substituent 
on the pyridinyl group). 




( 12 


) R 4 


is 


(Cl-C4)alkyl, 




( 13 


) R 4 


is 


(C1-C2) alkyl. 




( 14 


) R 4 


is 


methyl , 






) R 5 


is 


hydrogen , 




(16 


) R 5 


is 


(C1-C4 ) alkyl , 




(17 


) R 5 


is 


(C1-C2 ) alkyl , 




(18 


) R 5 


is 


methyl , 




(19 


) R s 


is 


(Cl-C4)alkyl, 


30 


( 20 


) R s 


is 


(Cl-C2)alkyl, 




(21 


) R* 


is 


methyl , 




(22 


) R 6 


is 


phenyl (which may have 1 to 3 subs tit uent ( s ) ) , 




(23 


) R 6 


is 


phenyl (which may have 1 substituent), 




(24 


) R 6 is pyridinyl (which may have 1 to 3 substituent(s) ) , 


35 


(25 


) R 6 


is 


pyridinyl (which may have 1 substituent), 
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(26) R 6 is thiazolyl (which may have 1 subs t ituent ) , 

(27) R 6 is thienyl (which may have 1 subs tituent ) , 

(28) R 6 is pyrimidinyl (which may have 1 to 3 

substituent ( s J ) , 
5 (29) R 6 is pyrimidinyl (which may have 1 substituent), 
(30) the " substituent ( s ) " is (are) selected from the group 
consisting of ( lower ) alkyl , 

halogena ted- (lower ) alky 1 , ( lower ) alkoxy . 
aryloxy and halogen, 
10 (31) the n substituent(s) " is(are) ( lower ) alkyl , 

(32) the "substituent (s ) " is(are) 
halogenated- ( lower ) alkyl , 

(33) the "substituent (s) " is(are) aryloxy, 

(34) the "substituent (s) " is(are) halogen. 
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The compound of the formula (I) of the present 
invention can be prepared according to the following 
Process A. 
[Process A] 



5 




In the above formula, R 1 and X represent the same 
meanings as defined above, and "Hal" represents halogen 
atom, especially, chlorine or bromine atom. 

10 Process A is the process for preparing the Compound 

(I) from amine compound (IV) and halogenated compound (V) 
in solvent, preferably in the presence of base. 

Compound (IV) and (V) may be purchased if it is 
commercial, or synthesized according to Processes C and 

15 B, respectively, mentioned after or other general methods 
obvious to the person skilled in the organic chemistry 
from commercial compounds. 

The solvent employable in this . process is not 
particularly limited so long as it is inactive in this 

20 reaction and may include ethers such as diisopropyl ether, 
tetrahydrof uran , dioxane , preferably tetrahydrof uran . 

The base employable in this process for making basic 
condition is not particularly limited so long as it 
accelerates this reaction and may include organic amine 

25 such as triethylamine , tr ibutylamine , 

diisopropylethylamine; alkali metal hydr ogencarbonat es 
such as litium' hydrogencarbonat e , sodium 

hydrogencarbonat e and potassium hydrogencarbonat e ; 
alkali metal carbonates such as lithium carbonate, sodium 

30 carbonate and potassium carbonate; alkaline earth metal 
carbonates such as magnesium carbonate and calcium 
carbonate; alkali metal hydroxides such as lithium 

13 
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hydroxide, sodium hydroxide and potassium . hydroxide, 
preferably organic amine, especially trie thy lamine . 

To accelerate the reaction, sodium iodide may be 
added . 

5 This process is generally carried out by adding the 

compound (V) to the solution of compound (IV). The 
temperature at that time varies depending on the starting 
material, the solvent, etc. , but it is usually from -10°C 
to 40°C , preferably room temperature. 
10 The reaction time after the adding compound (V) varies 

depending on the starting material, the solvent, etc., 
but it is usually from lhr to 24hrs, preferably from Ihr 
to lOhrs. 

After the reaction , the mixture is quenched by aqueous 
15 solventsuchas water , saturated aqueous solution of NH 4 C1, 
hydrochloric acid , etc, and extracted with organic solvent 
insoluble with water such as ethyl acetate, CHC1 3 , etc. 
Preferably; the organic layer is washed with water or the 
like, dried over anhydrous MgS0 4 or Na 2 S0 4 , evaporated in 
20 vacuo, and the target compound (I) is purified by the 
conventional method such as thin layer, chromatography , 
silica gel column chromatography, etc. 

Compound (V), which is the starting compound of 
25 Process A, can be synthesized by following Process B. 
[Process B] 




(vi) (vn) 00 

In the above formula, X and "Hal" represent the same 
meanings as defined above. 
30 Process B is the process for preparing the Compound 

(V) by forming amide bond in solvent in the presence of 
base . 
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Compound (VI) and (VII) may be purchased if it is 
commercial, or synthesized according to general methods 
obvious to the person skilled in the organic chemistry 
from commercial compounds. 
5 The solvent employable in this process is not 

particularly limited so long as it is inactive in this 
reaction and may include ethers such as diisopropyl ether, 
tetrahydrof uran , dioxane , preferably t e trahydrof uran . 
The base employable in this process is not 
10 particularly limited so long as it accelerates this 
process and may include organic amines such as 
trie thy lamine , t ributylamine , diisopropylethylamine 
( DIE A ) , preferably DIEA. 

The additive such as sodium 2-ethylhexanoate may be 
15 added to the mixture to improve the yield of this Process. 

This process is generally carried out by adding the 
Compound (VI) to the solution of Compound (VII) and base 
and/or catalyst. The temperature at that time varies 
. depending on the starting material, the solvent, etc., 
20 but it is usually from -10°C to 30°C , preferably from 0°C 
to 10 °C . After the addition, the. temperature is 
preferably raised to room temperature. 

The reaction time after the adding varies depending 
on the starting material, the solvent, etc., but it is 
25 usually from lhrs to 24hrs. 

After the reaction, the solvent is removed in vacuo, 
the target compound may be purified by the conventional 
method such as silica gel column chromatography, etc. 

30 Compound ( IV 1 ) and ( IV 2 ) , both of which is the starting 

Compound ( VI ) of Process A, can be synthesized by following 
Process C. 
[Process C] 
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^N' Pro H' Pr ° NH 

(viii) (ix) (X) H (IV 1 ) 



H N NH 2 

(XI) (XII) (XIII) H (IV 2 ) 

In the above formulae, R 2 to R 6 represent the same 
meanings as defined above, and "Pro" means the protective 
group of amino group, 
5 Process C is the process for preparing the Compound 

(IV 1 ) and (IV 2 ) by forming oxyimino group from amino 
compound and carbonyl compound in solvent. 

Starting Compound (VIII), (IX), (XI) and (XII) may 
be purchased if they are commercial, or synthesized 
10 according to general methods from commercial compounds. 
For example, aminooxy group of Compound (XII) can be 
synthesized by application of Process D described later. 

The solvent employable in this, process is not 
particularly limited so long as it is inactive in this 
15 reaction and may include alcohols such as methanol, 
ethanol, isopropahol, preferably methanol . However, in 
case that Compound (XI) may be used as solvent, other 
solvent is not necessarily needed. 

This process is generally carried out by respectively 
20 adding the solution of Compound (VIII) or (XI) to the 
solution of Compound (IX) or (XII). The temperature at 
that time varies depending on the starting material, the 
solvent, etc., but it is usually from 1 0 °C to 50°C , 
preferably room temperature. 
25 The reaction time after the adding varies depending 

on the starting material, the solvent, etc., but it is 
usually from lhr to 24hrs, preferably from 4hrs to 20hrs. 

16 




WO 2004/099185 PCT/JP2004/006568 

After the reaction, the solvent is removed in vacuo, 
and the residue is triturated with n-hexane, 
diisopropylether , etc . Compound (X) and (XIII) can be 
obtained by filtration. 
5 In the second step ( deprot ect ing ) , concerning the 

kind of protective group ("Pro") and cleavage reaction 
of the protective group, ^PROTECTIVE GROUPS IN ORGANIC 
SYNTHESIS Second EditionJ T.W.Green and P.G.M.Wuts, John 
Wiley & Sons, INC. may be referred.. 

10 For example, when "Pro" group is carbamate group such 

as tert -butoxycarbonyl group, the cleavage reaction is 
carried out in the acidic condition in solvent by acid 
such as hydrochloric acid, trif luoroacet ic acid, or the 
like. After the deprotect ion , excess acid and solvent 

15 are removed in vacuo, the solution of residue is washed 
with aqueous solvent, dried over MgS0 4 or Na 2 S0 4 , and the 
target compound (IV 1 ) and (IV 2 ) can be obtained by 
concentrating in vacuo. 

20 The compound having aminooxy group such as Compound 

(XII) (the starting compound of Process C) can be 
synthesized by following Process D. 
[Process D] 



O 




25 In the above formula, "Pro" represents the same 

meanings as defined above, and R represents R 2 or R 4 
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( ( lower ) alkyl ) . 

Process D is the process for preparing the compound 
having aminooxy group by functional group trans formation 
from hydroxy group. 
5 In this process, first. Compound (IX) is reduced with 

ordinary method, for example reduction by H 2 gas and 
catalyst such as platinum oxide. 

The solvent employable in this process is not 
particularly limited so long as it is inactive in this 

10 reaction and may include alcohols such as methanol, 
ethanol, isopropanol; acetic acid. The temperature at 
that time varies depending on the starting material, the 
solvent, etc., but it is usually from 10°C to 5 0 °C , 
preferably room temperature. 

15 After the reaction, the target compound (XIV) can 

be obtained by ordinary treating. 

Next , tot he solution of Compound (XIV) having hydroxy 
group, hydroxyphthalimide and t ripheny lphosphine was 
added diisopropyl azodicarboxy late ( D I AD ) . 

20 The solvent employable in this process is not 

particularly limited so long as it is. inactive in this 
reaction and may include ethers such as diisopropyl ether, 
tetrahydrof uran , dioxane , preferably t et rahydrof uran . 
The temperature at that time varies depending on the 

25 starting material, the solvent, etc., but it is usually 
from -10*C to 50°C , preferably from oX: to 30°C . 

The reaction time after the adding varies depending 
on the starting material, the solvent, etc., but it is 
usually from lOmin to 12hrs. 

30 After the reaction, to the solution water is added, 

then extracted with organic solvent insoluble with water 
such as ethyl acetate, CHC1 3 , etc. The organic layer is 
washed with aqueous solvent such as saturated aqueous 
solution of NaCl, dried over anhydrous MgS0 4 or Na 2 S0 4 , 

35 and evaporated in vacuo . The phthalimide derivative (XV) 
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can be obtained by triturating and further purification 
such as silica gel chromatography. 

Then, phthalimide derivative (XV) was decomposed by 
hydrazine in solvent. That is, to the solution of 
5 phthalimide derivative, hydrazine is added. 

The solvent employable in this process is not 
particularly limited so long as it is inactive in this 
reaction and may include alcohols such as methanol, 
ethanol, isopropanol, preferably ethanol. 
10 The temperature at that time varies depending on the 

starting material, the solvent, etc., but it is usually 
from 50°C to 150°C , preferably from 70°C to 130°C . 

The reaction time after the adding varies depending 
on the starting material, the solvent, etc., but it is 
15 usually from lOmin to 6hrs. 

After the reaction, the resulting precipitate is 
filtered off and washed with solvent, and filtrate is 
concentrated. Then, to the residue, aqueous solvent and 
organic solvent insoluble with water such as ethyl acetate 
20 are added, aqueous layer is basified and extracted. The 
organic layer is dried over anhydrous MgS0 4 or Na 2 S0 4 , 
evaporated in vacuo to obtain the target compound (XII). 
If necessary , further purification may be carried out. 

25 In the above processes, functional group trans 

formation may timely be carried out so long as the other 
sites of the compounds are not affected. In the following 
reaction formula, the functional group trans formation 
of the pyrrolidine ring is shown as representative 

30 example. 



[Process E] 




Process E shows the representative example of 
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functional group trans formation. Accordingly, other 
reactions of functional group trans formation may be 
carried out . 

5 Above processes, all starting materials and product 

compounds may be salts. The compounds of above processes 
can be converted to salt according to a conventional method. 
For example of making hydrochloride or trif luoroacetate , 
to the compound, the solution of acid such as 4N 

10 hydrochloride/dioxane or t r if luoroace t ic acid is added, 
then the solvent and excess acid is removed and the reside 
is triturated appropriate solvent such as diethlether. 

In the above compounds, which have reactive group, 
may be protected at the group on cue and be deprotected 

15 on cue. In these reactions (protecting or deprotecting 
steps), concerning the kind of protective group and the 
condition of the reaction, ^PROTECTIVE GROUPS IN ORGANIC 
SYNTHESIS Second Edit ion J T . W . Green and P . G . M . Wuts , John 
Wiley & Sons, INC. may be referred. 

20 

For therapeutic purpose, the compound (I) and a 
pharmaceutical^ acceptable salt thereof of the present 
invention can be used in a form of pharmaceutical 
preparation containing one of said compounds as an active 

25 ingredient, in admixture with a pharmaceutical^ 
acceptable carrier such as an organic or inorganic solid 
or liquid excipient suitable for oral, parenteral or 
external administration. The pharmaceutical 

preparations may be capsules , tablets, dragees, granules, 

30 inhalant, suppositories, solution, lotion, suspension, 
emulsion, ointment, gel, cream, or the like. If desired, 
there may be included in these preparations, auxiliary 
substances, stabilizing agents, wetting or emulsifying 
agents, buffers and other commonly used additives. 

35 
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While the dosage of therapeutically effective amount 
of the compound (I) will vary depending upon the age and 
condition of each individual patient, an average single 
dose of about 0.01 nig. 0.1 mg, 1 mg, 10 mg, 50 mg, 100 
5 mg, 250 mg, 500 mg and 1000 mg of the compound (I) may 
be effec.tive for treating the above-mentioned diseases. 
In general, amounts between 0.01 mg/body and about 1,000 
mg/body may be administered per day. 
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BEST MODE FOR CARRYING OUT THE INVENTION 

The following Examples are given only for the purpose 
of illustrating the present invention in more detail. 
Although the present invention has been fully 
5 described by way of example, it is to be understood that 
various changes and modifications will be apparent to 
those skilled in the art. Therefore, unless otherwise 
such changes and modifications depart from the scope of 
the present 1 invent ion hereinafter defined, they should 
10 be construed as being included therein. 

Preparation 1-1 

Methyl ( 2S , 4R ) - 4 -hydroxy- 2 -pyrrol idinecarboxy late 

hydrochloride 

15 

Hydroxyproline (155g) was dissolved in Hydrogen 
Chlororide, Methanol Reagent 10 (TCI, 900mL), and this 
mixture was heated at reflux for 2hrs. 

The resulting mixture was cooledtoroom temperature , 
20 and the solvent was removed in vacuo to give the target 
compound as a white powder (215g). 

X H-NMR (in DMSO-d6) : 5 2 . 3 0 - 1 . 9 9 ( 2H , m), 3 . 1 4 - 2 . 9 7 ( 1H , 
m), 3 . 45-3 . 25 ( 1H, m), 3.76(3H, s), 4 . 5 7 - 4 . 3 5 ( 2H , m), 
25 9.23(1H, br-s), 10.32(1H. br-s). 

Preparation 1-2 
1-tert-Butyl 2-methyl 

( 2S , 4R ) -4 -hydroxy- 1 , 2 -pyrrolidinedicarboxylat e 

30 

To a solution of methyl 

( 2S , 4R ) - 4 -hydroxy- 2 -pyrrol idinecarboxy late 
hydrochloride obtained in Preparation 1-1 (215g) in 
water/dioxane (800/500mL) with cooling on an ice bath, 
35 was added a solution of di - tert -butyl dicarbonate (271g) 
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in dioxane (150mL) and 6N NaOH (400mL) dropwise. 

The reaction mixture was stirred at room temperature 
for 3hrs and quenched, by adding with IN HC1 . The aqueous 
layer was extracted with ethyl acetate. The combined 
5 organic layer was washed with saturated aqueous NaCl 
solution, dried over MgS0 4 , and concentrated in vacuo. 
The resulting residue was triturated with n-hexane to give 
the target compound as a white powder (200g). 

10 X H - NMR (in CDC1 3 ) : <5 1.51-1.32(9H,m),2.39-1.82(2H,m), 
3 . 79-3 . 38 ( 5H, m), 4 . 58 - 4 . 3 1 ( 2H . m). 

Preparation 1.-3 
1-tert-Butyl 2-methyl 
15 (2S,4S)-4-fluoro-l, 2 - pyrrol idinedicar boxy late 

1-tert-Butyl 2-methyl ( 2 S , 4R ) - 4 -hydroxy - 1 , 2 - 
pyrrolidinedicarboxylate obtained in Preparation 1-2 
(130g) and cesium fluoride ( 105g ) was dissolved in dioxane 
20 ( 600mL) , this mixture was cooled on an ice bath, and then 
a solution of diethylaminosulf ur trifluoride (100g) in 
dioxane ( 2 0mL ) was added dropwise for 30min. The reaction 
mixture was warmed to room temperature and stirred for 
5hrs . 

25 To the resulting mixture was added NaHC0 3 ( 400g) , and 

the reaction mixture was quenched with saturated aqueous 
NaHC0 3 solution, then water (lOOOmL) and CaCl 2 (382g) in 
water (300mL) were , added. The resulting suspension was 
filtered and the filtrate was extracted with ethyl acetate. 

30 The combined organic layer was washed with saturated 
aqueous NaCl solution , dried over MgS0 4 , and concentrated 
in vacuo to give the target compound as a yellow oil 
(127. 5g). Further purification was not attempted. 

35 *H -NMR (in CDC1 3 ) : 8 1.55-1.35(9H, m), 2 . 6 2 - 2 . 16 ( 2H , m) , 
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3.94-3.49(5H, m), 4 . 6 0 - 4 . 3 6 ( 1 H , m ) , 5.20(1H, br-d, 
J = 52 . 8Hz ) . 

Preparation 1-4 
5 ( 2S , 4S ) -1- ( tert -But oxy car bony 1 ) - 4 - f luoro - 2 - pyrr olidin 
ecarboxylic acid 

The crude product of 1-tert-butyl 2-methyl 
( 2S, 4S) -4-fluoro-l , 2 -pyrrolidinedicarboxy lat e 

10 obtained in Preparation 1-3 (127. 5g) was dissolved in 
methanol (400mL) and then IN NaOH (800mL) was added at 
room temperature. 

After stirring for 1 . 5hrs , the resulting mixture was 
washed with diethyl ether . acidified with IN HC1 (lOOOmL), 

15 and then was extracted with ethyl acetate. The combined 
organic layer was washed with saturated aqueous NaCl 
solution, dried over. MgS0 4# and concentrated in vacuo. 
The resulting residue was triturated with ethyl acetate 
to give the target compound as a white powder (64g). 

20 

*H-NMR (in CDC1 3 ) : <5 1 . 6 2 - 1 . 3 1 ( 9 H , m ) . 2 . 9 4 - 2 . 0 9 ( 2H , m), 
4 . 01-3 . 44(2H, m), 4 . 6 6 - 4 . 3 7 ( 1H , m), 5.22(1H, br-d, 
J»51.9Hz)'. . 

25 Preparation 1-5 

tert -Butyl ( 2S , 4S ) - 2 - amino car bony 1 -4-fluoro-l -pyrr oli 
dinecarb oxy late 

To a mixture of 

30 (2S, 4S) -1- ( tert -but oxy carbony 1 ) - 4 - f luoro - 2 -pyrrolidin 
ecarboxylic acid obtained in Preparation 1-4 (66g), 
1-hydroxybenzotriazole hydrate (45g) in acetonitrile 
(1500mL) with cooling on an ice bath, was added WSC ■ 
HC1 (water soluble carbodiimide hydrochloride, 82g). 
35 After the mixture was stirred for 45min, 28% aqueous NH 3 
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(43mL) was added at the same temperature. The resulting 
mixture was warmed to room temperature and stirred for 
15min. 

The reaction mixture was filtered and the filtration 
5 was evaporated in vacuo. After dilution with ethyl 
acetate, the reaction mixture was washed with IN HC1, 
saturated aqueous NaHC0 3 and saturated aqueous NaCl , dried . 
over MgS0 4 , and filtered. After removal the solvent , the 
target compound was obtained as a white powder (46g). 

10 

'H-NMR (in CDC1 3 ) : <5 1.58-1.36(9H,m),2.99-2.02(2H,m), 
3.99-3.43(2H, m), 4 . 5 7 - 4 . 2 3 ( 1H , m), 5.23(1H, br-d, 
J = 51.6Hz), 5 . 69-5 . 40 ( 1H, m), 6 . 7 9 ^ 6 . 0 5 ( 1 H , m). 
MS : 233 . 10 (ES+ ) . 

15 

Preparation 1-6 

(2S,4S)-4-Fluoro-2 - pyrrol idinecarboxamide 
hydrochloride 

20 tert-Butyl (2S,4S) - 2 - amino car bony 1 - 4 - f luoro - 1 - 

pyrrolidinecarboxylate obtained in Preparation 1-5 (46g) 
was dissolved in 4N HC1 in dioxane ( 20 0mL ) and the resulting 
mixture was stirred for lOmin at room temperature. 

After removal of the solvent, the resulting residue 

25 was triturated with ethyl acetate to give the target 
compound as a white powder (34g). 

1 H-NMR (in DMSO-d6) : <5 2 . 8 4 - 2 . 0 0 ( 2H . m) , 4 . 1 0 - 3 . 09 ( 2H , 
m) 4 . 44-4 . 15( 1H, m), 5.39(1H, br-d, J= 52 . 5Hz ) , 7 . 7 3 ( 1H , 
30 br-s), 8.09(1H, br - s ) , 8 . 7 6 ( 1H , br-s), 10.62(1H, br-s). 
MS : 132.94 (ES+). 

Preparation 1-7 

( 2S , 4S ) - 1 -Chi oroacetyl- 4 -fluor o-2 -pyrrolidine car boxam 
35 ide 
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To a mixture of 

(2S,4S)-4-fluoro-2- pyrrolidinecarboxamide 
hydrochloride obtained in Preparation 1 - 6 (33g) and sodium 
5 2-ethylhexanoate (70g) in t etrahydrof uran (500mL) with 
cooling on an ice bath, was added chloroacethy 1 chloride 
(24 . 3g) . 

After stirring for 2hrs , the resulting residue was 
then poured onto buchner funnel/filter paper and washed 
10 with ethyl acetate. The solvent was removed in vacuo and 
the resulting residue was triturated with diethylether 
to give the target compound (34g) as a white powder. 

X H - NMR (in CDC1 3 ) : d 2 . 58 - 2 . 03 ( 1H , m) # 3 . 05 - 2 . 58 { 1H , m), 
15 4.17-3.68(4H, m), 4 . 8 5 - 4 . 5 4 ( 1H , m), 5.36(1H, br-d, 

J=52.5Hz), 5 . 88-5 . 49 ( 1H, m), 6 . 6 3 - 6 . 1 9 ( 1H , m). 

i 

Preparation 1-8 

(2S,4S) -l-Chloroacetyl-4 - f luoro - 2 -pyrrolidine car bonit 
20 rile 

To a solution of 

( 2S , 4S) -l-chloroacetyl-4-f luoro- 2 -pyrrol idinecarboxam 
ide obtained in Preparation 1-7 (34g) in t etrahydrof uran 
25 (800m), was added tr if luoro ace t ic anhydride ( 2 8mL ) at room 
temperature . 

After stirring for 15min, the resulting mixture was 
concentrated in vacuo. The resulting residue was 
triturated with ethyl acetate to give the target compound 
30 (22g) as a white powder. 

X H -NMR ( in CDC1 3 ) : 6 2.52-2.22(lH,m), 2.8 7- 2.59(lH,m), 
4.33-3.75 ( 4H, m), 5 . 1 2 - 4 . 8 7 ( 1 H , m), 5.41(1H, br-d, 
J=50 . 1Hz ) . 

35 
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Preparation 2-1 

Ethyl 1 , 4-dioxaspiro [4.5] decane- 8 -carboxy late 

To a solution of ethyl 4 -oxocyclohexanecarboxylate 
5 (lOOg) in toluene (500mL), were added ethylene glycol 
(36mL) and a catalytic amount of p- toluenesulf onic acid, 
and the resulting mixture was ref luxed azeotropically for 
2hr s . 

Then the solution was cooled to room temperature, 
10 washed with saturated aqueous NaHC0 3 solution, saturated 
aqueous NaCl solution, and dried over MgS0 4 . After 
removal of the solvent, the target compound was obtained 
(130g) as a pale yellow oil. 

15 X H-NMR (in CDC1 3 ) : <5 1.18(3H, t, J = 6.9Hz) , 1.68-1. 48( 2H, 
m), 2..01-1.70(6H, m), 2 . 4 0 - 2 . 2 5 ( 1H , m), 3.94(4H, s), 
4 . 13 ( 2H , q, J = 6 . 9Hz ) . 
MS : 250 . 09 (ES+) . 

20 Preparation 2-2 

Ethyl 8 -methyl- 1 , 4-dioxaspiro [4.5] decane - 8 - car boxy 1 at 
e 

To a solution of diisopropy lamine (70mL) in 
25 tetrahydrof uran ( 500mL ) , was added n-butyllithium ( 1 . 6M , 
3 0 0mL) at -4 0°C dropwise for 2 5min and the reaction mixture 
was warmed to -10°C , then cooled to -65°C . To this solution 
was added a solution of ethyl 

1 , 4-dioxaspiro [4.5] decane -8 -car boxy late obtained in 
30 Preparation 2-1 in tetrahydrof uran (lOOmL) dropwise at 
the same temperature. The reaction mixture was stirred 
at - 50°C for lhr, and then methyl iodide (31mL) was added. 
The reaction mixture was stirred at between -40 and -30°C 
for 0.5hr, then warmed to -10°C. 
35 The solution was poured into saturated aqueous NaCl 
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solution and ethyl acetate. The combined organic layer 
was washed with saturated aqueous NaCl solution, and dried 
over MgS0 4 . After removal of the solvent, the target 
compound was obtained as a yellow oil (70g). 

5 

Preparation 2-3 

8 -Methyl- 1 , 4-dioxaspiro [4.5] decane- 8 -car boxy lie acid 

Ethyl 8 -methyl- 1 , 4-dioxaspiro [4.5] decane- 8 - 

10 carboxylase obtained in Preparation 2-2 (70g) was 
dissolved in 3N NaOH ( 5 0 OmL) -methanol (400mL), and the 
reaction mixture was heated at reflux for 0.5hr, and then 
was cooled to room temperature. 

After removal of the organic solvent in vacuo, the 
15 aqueous solution was neutralized with 3N HC1 and 10% 
aqueous citric acid to pH5. The solution was 

saponificated with NaCl, and extracted with ethyl acetate . 
The combined organic layer was dried over MgS0 4 , and 
filtered. After removal of the solvent in vacuo, the 
20 resulting residue was triturated with diisopropylether 
to give the target compound (46g) as a white powder. 

1 H-NMR (in CDC1 3 ) : S 1.26(3H, s), 1 . 6 2 - 1 . 4 5 ( 2 H , m), 
1.72-1 . 62(4H, m), 2 . 1 9 - 2 . 0 8 ( 2H , m), 3.94(4H, s). 
25 MS : 199.78 (ES-). 

Preparation 2-4 

tert -Butyl 8 - methyl -1 , 4-dioxaspiro [4.5] dec - 8 -ylcarbam 
ate 

30 

To a solution of 

8 -methyl- 1 , 4-dioxaspiro [4.5] decane- 8 -carboxylic acid 
obtained in Preparation 2-3 ( 4 5g) in toluene ( 4 5 OmL) , were 
added diphenylphosphory 1 azide (53mL) and trie thylamine 
35 (35mL), and the reaction mixture was heated at 100°C for 
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lhr. The resulting mixture was cooled on an ice bath, 
washed with saturated aqueous NaHC0 3 solution, water and 
saturated aqueous NaCl solution, and dried over MgS0 4 . 

After removal of the solvent in vacuo, the isocyanate 
intermediate was obtained as a pale yellow oil. This oil 
was dissolved in dimethylacet amide (270mL), and to this 
solution was added potassium tert - but oxide (26g) as 
portions with cooling on an ice bath. After stirring for 
lhr, the reaction mixture was poured into, ice-water 
(300mL). The resulting precipitate was collected, 
washed with water ( lOOmL ) to give the target compound ( 5 3g) 
as a white powder. 

l H - NMR (in CDC1 3 ) : 8 1.33(3H, s), 1.43(9H, s), 
1.76-1. 53(6H, m) , 2 . 11-1 . 95 ( 2H , m) , 3.94(4H, s), 4.39(1H, 
br-s). ■ 

Preparation 2-5 

tert -Butyl 1 -methyl - 4 - oxocyclohexylcarbamate 

tert -Butyl 8 -methyl -1 , 4 -dioxaspiro [ 4 . 5]dec-8- 

ylcarbamate obtained in Preaparation 2-4 (53g) was 
dissolved in tetrahydrof ur an (300mL) and 

p-toluenesulf onic acid (74g) in water (300mL) at room 
temperature, and the reaction mixture was stirred at the 
same temperature for 16hrs. 

The resulting solution was neutralized with NaHC0 3 , 
and extracted with ethyl acetate. The combined organic 
layer was washed with saturated aqueous NaCl solution, 
dried over MgS0 4 , and filtered. After removal of the 
solvent, the residue was triturated with n-hexane to give 
the target compound (26g) as a white powder. 

X H - NMR (in CDC1 3 ) : 6 1.43(3H, s), 1.46(9H, s), 
1 . 87-1 . 69 ( 2H, m), 2.54-2.21(6H, m), 4.50(1H, br-s). 
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. Example 1-1 

tert- Butyl 4 -hydroxy -1 -me thy Icy clohexyl carbamate 

5 To a solution of tert-butyl 

1 -methyl - 4 - oxocy clohexyl carbamate obtained in 

Preparation 2-5 ( 128g) dissolved in acetic acid ( lOOOmL) , 
was added platinum oxide (6.4g). The reaction mixture 
was hydrogenated under H 2 2.0atm at room temperature for 
10 8hrs . 

The resulting mixture was filtered, and the solvent 
was removed in vacuo. The residue was dissolved in 
saturated aqueous NaHC0 3 solution, and the aqueous layer 
was extracted with ethyl acetate . The combined organic 
15 layer was dried over MgS0 4 , and filtered. After removal 
of the solvent in vacuo, the residue was triturated with 
ethyl acetate to give the target compound (128g, 
cis/trans = 12 : 1 ) as a colorless oil. 

20 1 H -NMR (in CDC1 3 ) (cis) : <5 1 . 8 9 - 1 . 1 8 { 1 8H , m), 
2. 17-2 . 05(2H, m), 3 . 7 0 - 3 . 5 5 ( 1H , m), 4.36(1H, br-s). 

Example 1-2 

tert -Butyl 4- [ ( 1 , 3-dioxo-l , 3 - dihy dr o - 2H - iso indo 1 - 2 -y 
25 1 ) oxy ] - 1 -methylcyclohexylcarbamat e 

To a solution of tert-butyl 

4 -hydroxy- 1 -methylcyclohexylcarbamate obtained in 
Example 1-1 (75g), hydroxyphthalimide (54g) and 
30 triphenylphosphine (86g) in tetrahydrof uran ( 750mL) with 
cooling on an ice bath, was added diisopropyl 
azodicarboxylate (64mL) dropwise for 20min, and the 
reaction mixture was stirred at the same temperature for 
20min. 

35 The reaction mixture was quenched by pouring water. 
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The organic layer was washed with saturated aqueous NaCl 
solution, dried over MgS0 4/ and filtered. After removal 
of the solvent in vacuo, the residue was triturated with 
diethylether , and this precipitate was filtered off. 
5 After removal of the solvent, the resulting residue was 
purified with silica gel chromatography ( n - hexane : ethyl 
acetate = 4 : 1 ) to give the target compound as a white powder 
(84g). . 

10 "H-NMR (in CDC1 3 ) : d 2 . 03 - 1 . 17 ( 2 OH , m), 4 . 4 1 - 4 . 3 0 ( 1 H , ' 
m), 7 . 77 -7 . 72 ( 2H, m), 7 . 8 6 - 7 . 8 0 ( 2H , m). 

Example 1-3 

tert -Butyl 4 -aminooxy- 1 - me thylcyclohexyl carbamate 

15 

tert -Butyl 4 - [ ( 1 , 3-dioxo-l , 3 -dihydro - 2H- isoindol 
-2-yl)oxy]-l -me thy Icy clohexyl carbamate obtained in 
Example 1-2 (84g) was dissolved in ethanol ( 840mL) . This 
solution was warmed to 80°C and NH 2 NH 2 'H 2 0 was added at 

20 the same temperature. The resulting mixture was heated 
at reflux for 30min, and then was cooled on an ice bath. 
The resulting precipitate was filtered off, washed with 
ethanol, and the filtrate was concentrated in vacuo. 

The resulting mixture was diluted with water and 

25 acidified with concentrated HC1. The aqueous layer was 
washed with ethyl acetate, basified with NaOH, saturated 
with NaCl, and was extracted with ethyl acetate. The 
combined organic layer was washed with saturated aqueous 
NaCl solution, dried over MgS0 4 , and filtered. After 

30 removal of the solvent in vacuo, the target compound was 
given as a yellow oil (16g). 

1 H-NMR (in CDC1 3 ) : 6 1.31(3H, s), 1.43(9H, s), 
1 .84-1. 53(8H, m), 3 . 6 9 - 3 . 5 5 ( 1H , m), 4.38(1H, br-s), 
35 5.24(1H, br-s). 
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Example 1-4 

tert -Butyl 1 -methyl- 4- ( { [ ( IE ) - 3 -pyri dirty lme thylidene ] 
amino }oxy) cyclohexylcarbamat e 

5 

To a cold stirred solution (- 78 °C ) of tert-butyl 
4 - ( aminooxy ) - 1 -me thylcyclohexyl carbamate obtained in 
Example 1-3 (16. Og) in methanol (160mL), was added 
nicot inaldehyde (6.18mL). The mixture was stirred at 
10 room temperature for 16hrs. 

The solution was concentrated in vacuo. The residue 
was triturated with n-hexane, then filtered to provide 
the target compound (17. lg) as a white solid. 

15 1 H - NMR (300MHz, CDC1 3 ) : <5 1.35(3H, s), 1.45(9H, s), 
1 . 53-1 . 95 ( 8H, m) , 4 . 33 ( 1H, br-s ) , 4.40 (1H, br-s), 7 . 31 ( 1H, 
dd, J=4.9, 8.0Hz), 7..96(1H, dt , J-1.8. 8.0Hz), 8.11(1H, 
s), 8.59(1H V dd, J=1.8, 4.9Hz), 8.74(1H, d, J=1.8Hz). 

20 Example 1-5 

Nicot inaldehyde O- ( 4 -amino- 4 - methyl eye lohexyl ) oxime 
bis ( trifluoro acetate ) 

Trif luoroac.et ic acid ( lOOmL ) was added to a solution 
25 of 1 -methyl- 4- ( { [ ( IE ) - 3 -pyr id iny lme thylidene ] amino } - 
oxy ) cyclohexylcarbamate obtained in Example 1-4 (11. Og) 
in tetrahydrof uran (50mL) with cooling on an ice bath. 
The reaction mixture was stirred at room temperature for 
lhr . 

30 The mixture was concentrated in vacuo. The residue 

was used in the next step without purification (28. 4g). 

A H - NMR ( 300MHz, DMSO) : <5 1.30(3H, s), 1 . 5 6 - 1 . 8 3 ( 6H , m), 
1.90-2.09(2H,m), 4.20(lH,m), 7 • 52 (1H, dd, J = 4 . 8 , 7.9Hz), 
35 7.90(2H, br-s), 8.09(1H, d, J = 7.9Hz), 8.33(1H, s), 8.65(1H, 
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br-s), 8.82(1H, br-s). 



Example 1-6 

(2S.4S) -4-Fluoro-l- ( { [ 1- methyl -4 - ( { [ ( IE ) - 3 - pyr idinylm 
5 ethylidene ] amino }oxy ) cyclohexyl] aminojacetyl) -2-pyrro 
lidinecarbonitrile 

To a stirred solution of nicot inaldehyde 
O- ( 4 -amino- 4 -me thy 1 cyclohexyl ) oxime 
10 bis ( trif luoroacetate ) obtained in Example 1-5 (28. 4g) in 
dimethylf ormamide (130mL), were added K 2 C0 3 (24. 2g), 
( 2S , 4S ) - 1 -chloroacetyl-4 -f luoro-2-pyrrolidinecarbonit 
rile obtained in Preparation 1-8 (5.73g), and sodium 
iodide ( 50mg) . 

15 The mixture was stirred for 2hrs at 50°C and quenched 

by adding water (200mL). The aqueous layer was 
neutralized with IN HC1 and extracted with ethyl acetate. 
The combined organic layers were extracted with 0.5N HC1 . 
The aqueous layer was separated and basif ied with NaHC0 3 , 

20 and extracted with ethyl acetate. The organic layer was 
washed with saturated aqueous sodium chloride solution, 
dried and concentrated in vacuo . The residue was purified 
by silica gel column chromatography 

(chlorof orm/methanol=5 : 1 ) • The residue was 

25 crystallized from ethanol to provide the target compound 
(7.2g) as a white solid. 

l H-NMR ( 30 0MHz, CDC1 3 ) :<5 1. 12(3X4/ 5H,S),1. 15(3X1/ 5H, 
s). 1.38-1. 53(2H, m), 1 . 5 7 - 1 . 7 9 ( 4H , m), 1.97(2H, br-s)/ 

30 2.20-2.58(lH, m), 2.70(lX4/5H, t, J=15.7Hz), 2.77(lX 
1/5H, t, J=15.7Hz) / 3.30-4. 10(4H, m), 4 .23-4. 35(1H # m) # 
4.97(1X4/5H, d, J=8.9 Hz) ( 5.11(lXl/5H, d, J=8.9Hz), 
5.36(1 X 1/5H, br-d, J=51.2Hz), 5.45(1 X4/5H, br-d, 
J = 5 1.2Hz) ( 7.30(1H # dd , J = 4.9, 7 . 8Hz ) . 7.97(1H, dt . J = 2.0, 

35 7.8Hz), 8.10(1H, s), 8.59(1H, dd,J=2.0, 4.9Hz), 8.73(1H # 
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d , 3=2 . 0Hz ) . 

MS (ES+) : m/e 388.18. 

Example 2-1 

2- ( 2-Pyridinylmethoxy) -lH-isoindole-l,3(2H)-dione 

To a solution of 2 -pyridinylmethanol (50g), 
2 -hydroxy- IH-i so indole -1 ,3(2H)-dione (75g) and 

triphenylphosphine (144g) in t e tr ahydrof uran (500mL) at 
room temperature, was added diisopropyl.azodicarboxylate 
(lOOmL) and stirred for 15min at the same temperature. 

The reaction precipitate was filtered off and washed 
with tetrahydrof uran to give the target compound (60g) 
as a white powder. 

1 H-NMR (in CDC1 3 ) : 6 5.34(s # 2H), 7.30-7.26(m, 1H), 
7. 83-7 . 72 (m, 6H), 8.56-8.55(m, 1H). 

Example 2-2 

0- ( 2 - Pyridinylmethyl ) hydroxyl amine 

2- ( 2-Pyridinylmethoxy) - 1H- isoindole- 1 , 3 ( 2H) - 
dione obtained in Example 2-1 (60g) was dissolved in 
ethanol (lOOOmL). This solution was warmed to 80°C and 
NH 2 NH 2 " H 2 0 was added at the same temperature. The 
resulting mixture was heated at reflux for 30min and then 
was cooled to room temperature. 

The resulting precipitate was filtered off, washed 
with ethyl acetate, and the filtrate was concentrated in 
vacuo. The resulting mixture was diluted with water and 
acidified with concentrated HC1. The aqueous layer was 
washed with ethyl acetate, bas if ied with NaOH , saturated 
with NaCl , and was extracted three times with chloroform . 
The combined organic layer was washed with brine, dried 
over MgS0 4 , and filtered. After removal of the solvent 
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in vacuo, the target compound was given as a yellow oil 
(20g) . 



'H-NMR (in CDCI3) : <5 4.84(s, 2H) ( 5.63(br-s, 2H), 
5 7 . 26-7 . 16 (m, 1H), 7.43-7.34 (111, 1H), 7 . 7 7 - 7 . 6 5 ( m , 1H), 
8 . 66-8 . 52 (m , 1H ) . 

Example 2-3 

tert-Butyl l-methyl-4-[(2 -pyr idinylme thoxy ) imino ] cycl 
10 ohexyl carbamate 

The title compound (1.24g) was prepared from 
tert -butyl 1- me thy 1-4- oxo cycl ohexyl carbamate obtained 
in Preparation 2-5 and 

15 0 - ( 2 -pyr idinylmethyl ) hydr oxylamine obtained in Example 
2-2 in a similar manner to that of Example 3-3 described 
later. 

1 H-NMR ( 300MHz, CDC 1 3 ) : <5 1.36(3H, s), 1.44(9H, s), 
20 1 . 46-1 . 65 ( 2H , m), 2 . 0 6 - 2 . 3 2 ( 5H , m), 2.98(1H, dt , J=4.8, 
15.0Hz), 4.40(1H, br-s), 5.19(2H, s), 7.18(1H, br-dd, 
J=4.8, 7.6Hz) , 7.35 1H, d, J = 7.6Hz), 7.68(1H, dt, J=1.8, 
7.6Hz), 8.57(1H, br-d, J=4.8Hz). 
MS (ES+ ) : m/e 334 .24 . 

25 

Example 2-4 

4 -Amino- 4 -methylcyclohexanone O- ( 2 -pyr idinylmethyl ) ox 
ime 

30 The title compound (918mg) was prepared from 

tert -butyl l-methyl-4-[( 2 -pyr idinylme thoxy ) imino] - 

cyclohexylcarbamate obtained in Example 2-3 in a similar 
manner to that of Example 3-4 described later. 

35 A H -NMR (300MHz, CDC1 3 ) : 6 1.20(3H, s), 1.47(2H, br-s), 
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1 . 54-1. 70 ( 4H, m), 2.24(1H, dt , J = 6 . 0. , 15.2Hz), 
2 . 36-2 . 46 ( 1H , m ) , 2 . 5 4 - 2 . 6 4 ( 1H , m), 2.74(1H, dt , J=6.0, 
15.4Hz), 5.20(2H, s) f 7.18(1H, br-dt, J=4.8, 7. 6Hz), 
7 . 39 ( 1H, d, J= 7.6Hz), 7.68(1H, dt, J=1.8, 7.6Hz), 8 . 57 ( 1H, 
5 ddd , J = 0 . 9 , 1.8, 4 . 8Hz ) 
MS ( ES+ ) : m/e 234.20. 

Example 2-5 

4 -Fluor o- 1- [ ({ 1 -methyl- 4 - [ ( 2 - pyr idinylmethoxy ) imino ] c 
10 yclohexyl} amino ) acetyl ] - 2 -pyrrolidinecarbonit rile 
dihydrochloride 

The title compound (69.49g) was prepared from 
( 2S , 4S ) - 1 -chloro acetyl- 4 -f luoro- 2 -pyrrolidinecarbonit 
15 rile obtained in Preparation 1-8 and 

4 -amino - 4 -me thy Icyclohexanone O- ( 2 - pyridiny lme thyl ) - 
oxime obtained in Example 2-4 in a similar manner to that 
of Example 3-5 described later. 

20 X H-NMR ( 300MHz, CDC1 3 , free-form) : 6 1.14(3X4/5H, s), 
1.17(3Xl/5H, s), 1.45-2.03 ( 5H, m), 2. 1 7 - 2 . 8 8 ( 5H , m), 
3.30-4.20(4H, m), 4.97 (1H, d, J=9.5Hz), 5.19(2H, s), 
5.37(1 X 1/5H, br-d, J=5i:5Hz), 5.45(1 X 4/5H, br-d, 
J=51.5Hz), 7.19(1H, br-dd, J=5.0, 7 . 7Hz ) , 7.35(1H, d, 

25 J = 7.7Hz), 7.69(1H, dt , J = 1.8, 7.7Hz), 8.57(1H, br-d, 
J = 5 . 0Hz ) . 

MS (ES+) : m/e 388.12 (free-form). 



Example 3-1 

30 2 - ( 3 -Pyr idinylmethoxy )-lH-isoindole-l # 3(2H)-dione 

The title compound (5.77g) was prepared from 
3 -pyr idinylmethanol in a similar manner to that of Example 
2-1 . 

35 
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Example 3-2 

3- [ ( Aminooxy ) met hyl ] pyridine 

The title compound (1.50g) was prepared from 
5 2 - ( 3-pyridinylmethoxy ) - 1H - isoindole- 1 , 3 ( 2H ) -dione 

obtained in Example 3-1 in a similar manner to that of 
ExampTe 2 - 2 . 

'H-NMR (300MHz, CDC1 3 ) : 8 4.71(2H, s), 5.47(2H, br-s), 
10 7.30(1H, dd, J=4.9, 7.7Hz), 7.70(1H, dt , J=1.7. 7.7Hz), 
8.57(1H, dd, J=1.7, 4.9Hz), 8.62(1H, d, J=1.7Hz) 
MS (ES+ ) : m/e 124.93. 

Example 3-3 

15 tert- Butyl l-methyl-4- [ ( 3 - pyr idiny Imet hoxy ) imino ] cycl 
ohexylcarbamate 

To a stirred solution of tert-butyl 
1 -me thyl - 4 - oxocyclohexylcarbamat e obtained in 

20 Preparation 2-5 (l.OOg) in methanol (0.5mL) # was added 
3- t (aminooxy)methyl]pyridine obtained in Example 3-2 
(552mg). The mixture was stirred for 5hrs . ■ 

The solution was concentrated in vacuo. The residue 
was triturated with diisopropylether , then filtrated to 
25 provide the target compound (892mg) as a white solid. 

X H -NMR (300MHz, CDC1 3 ) : 6 1.35(3H, s), 1.44(9H, s), 
1. 45-1.60(2H, m), 2 . 05-2 . 29 ( 5H , m), 2 • 8 1 - 2 . 9 3 ( 1H , m), 
4.40(1H, br-s), 5.06(2H, s), 7.27(1H, dd , J=4.8, 7.9Hz), 
30 7 . 67 ( 1H, d, J-1.7. 7.9Hz), 8.54(.lH f dd , J-1.7, 5.0Hz), 
8.60(1H, br-d, J=1.7Hz). 
MS ( ES+ ) : m/e 334.20. 

Example 3-4 

35 4-Amino-4-methylcyclohexanone 0- ( 3 -pyr idiny lmet hyl ) ox 
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ime 

To a cold stirred solution of tert-butyl 
l-methyl-4- [ ( 3 - pyr idinylmethoxy ) imino ] cyclohexylcarba 
5 mate obtained in Example 3-3 ( 250mg) in methanol ( 0 . 5mL) , 
was added 4N.HC1 solution in dioxane ( 1 • 5mL ) . 

The mixture was stirred for 2hrs , and concentrated 
in vacuo. The residue was acidified with IN HC1, rinsed 
with ethyl acetate. The aqueous layer was alkalized with 
10 saturated aqueous NaHC0 3 solution, then extracted with 
chloroform. The combined organic layer was dried and 
filtrated. The filtrate was concentrated in vacuo to 
provide the target compound (117mg) as an oil. 



15 1 H— NMR ( 300 MHz, CDC1 3 ) : <5 l'.19(3H, s), 1 . 5 0 - 1 . 6 3 ( 3H , 
m), 1.77 -1.83 ( 1H, m), 2 . 16 - 2 . 7 1 ( 4H , m), 5.07(2H, s), 
7.27(1H, ddd, J=0.6, 4.8, 7 . 7Hz ) , 7 . 6 7 ( 1H , dddd , J = 0.6, 
1.7, 2.0, 7.7Hz), 8.54{1H, dd, J=1.7, 4.8Hz), 8.61(1H, 
dd, J = 0 . 6 , 2 . 0Hz ) . 

20 MS (ES+ ) : m/e 234 . 13. 

Example 3-5 

(2S, 4S) -4-Fluoro-l- [ ( { 1 -methyl- 4- [ ( 3 - pyr idinylmethoxy 
) imino] eye lohexyl} amino ) acetyl ] - 2 - pyr roli dine carbonit 
25 rile dihydrochloride 

To a stirred solution of 

4-amino-4-methylcyclohexanone 0- ( 3 - pyridinylmethyl ) - 
oxime obtained in Example 3-4 (llOmg) in tetrahydrof uran 
30 (2mL), were added triethylamine (0.066mL), 
( 2S , 4S ) -1 -chloroacetyl-4-f luoro- 2 -pyrrolidinecarbonit 
rile obtained in Preparation 1-8 (75.0mg), and sodium 
iodide ( 7mg ) . 

The mixture was stirred for 6hrs and diluted with 
35 water. The aqueous layer was extracted with ethyl acetate. 
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The combined organic layers were washed with saturated 
aqueous NaCl solution, dried and filtered. After removal 
of the solvent in vacuo, the residue was purified by 
preparative thin layer chromatography 

5 ( chlorof orm/methanol=5 : 1 ) . The provided oil was 

dissolved in ethyl acetate and 4N HCl-dioxane was added, 
then the precipitated was collected by filtration under 
N 2 to provide the target compound ( 6 6 . 5mg ) as a white solid. 



10 X H - NMR ( 300MHz, DMSO) : 6 1.42(3H, s), 1 . 7 3 - 2 . 0 0 ( 3H , m), 
2.03-2.57(6H, m), 3.10 (1H, br-d, J=ll . 5Hz ) , 3.70-4.30(4H, 
m), 5.08(1H, d, J=7.9Hz), 5.19(2H, s), 5.57(1H, br-d, 
J=52.6Hz), 7.87(1H, br-s), 8.28(1H, br-s), 8.77(1H, s), 
8.79(1H, s), 9.05(1H, br-s), 9.17(1H, br-s). 

15 MS (ES+) : m/e 388.16. 



Example 4-1 

2- [ ( 6-Methyl-2-pyridinyl Jmethoxy ] - 1 H - is o indole - 1 , 3 ( 2H 
)-dione = 

20 

The title compound (4.52g) was prepared from 
( 6 -methyl- 2 -pyridinyl ) methanol in a similar manner to 
that of Example 2-1. 



25 Example 4-2 

2- [ ( Ami no oxy) methyl] - 6 -methyl pyridine 

The title compound (1.16g) was prepared from 
2- t ( 6 -methyl- 2 -pyridinyl ) methoxy ] -lH-isoindole-l,3(2H 
30 )-dione obtained in Example 4-1 in a similar manner to 
that of Example 2-2. 

X H - NMR (300MHz, CDC1 3 ) : <S 2.57(3H, s), 4.80(2H, s), 
5.61(2H, br-s), 7.08(1H, d, J=7.7Hz), 7.18(lH, d, J = 7. 7Hz) , 
35 7.59(1H, t, J=7.7Hz). 
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MS (ES+) : m/e 139.01. 
Example 4-3 

tert -Butyl l-methyl-4-{[( 6 -me t hy 1 - 2 - pyr idiny 1 ) me t hox 
5 y] imino } cyclohexy lcarbamat e 

The title compound (260mg) was prepared from 
tert -butyl 1 -methyl- 4 -oxo cyclohexy lcarbamat e obtained 
in Preparation 2-5 and 

10 2 - [ ( aminooxy) methyl] - 6 -me thy lpyridi-ne obtained in 
Example 4-2 in a similar manner to that of Example 3-3. 

1 H -NMR (300MHz, CDC1 3 ) : $ 1.36(3H, s), 1.44(9H, s), 
1 . 5-1 . 6 ( 2H, m) , 2.1-2.3(5H,m), 2 . 55 ( 3H, s ) , 2 . 97 ( 1H, dt , 
15 J=4.7, 15.2Hz) # 4.41(lH f br-s), 5.15(2H, s), 7.04(1H, d, 
J = 7.8Hz) , 7.14(1H, d, J = 7 . 8Hz ) , 7 . 56 ( 1H, t, J=7.8Hz) 
MS (ES+) : m/e 384.24. 

Example 4-4 

20 4 -Amino- 4 - met hy 1 cyclohexanone O- [ ( 6 - me thyl - 2 - pyr idiny 
1 ) methyl ] oxime 

The title compound (143mg) was prepared from 
tert -butyl l-methyl-4-{ [ ( 6 -methyl - 2 -pyridinyl ) - 

25 methoxy ] imino }cyclohexylcarbamate obtained in Example 
4-3 in a similar manner to that of Example 3-4. 

X H-NMR ( 300 MHz, CDC1 3 ) : 1.22(3H, s), 1 . 5 5 - 1 . 7 0 ( 3H . 

m) , 2.24(1H, dt, J=5.8, 14.5Hz) , 2.41(1H, ddd , J = 6. 2, 8.1, 
30 14.7Hz), 2.55(3H, s), 2.59(1H, dd, J=6.6, 14.7Hz), 2.61(1H, 
dd, J=6.2, 11.5Hz), 2.74(1H, dt , J = 6.2, 15.1Hz), 5.16(2H, 
s), 7.04(1H, d, J=7.7Hz), 7.15(1H, d, J=7.7Hz), 7.57(1H, 
t, J=7.7Hz). 
MS ( ES+ ) : m/e 248.18. 

35 
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Example 4-5 

( 2S , 4S ) -4-Fluoro-l - { [ ( 1 -methyl- 4 - { [ ( 6 -methyl - 2 -pyridi 
nyl ) methoxy ] imino } cyclohexy 1 )amino]acetyl}- 2 -pyrrol id 
inecarbonitrile dihydr ochlor ide 

5 

The title compound (95.2mg) was prepared from 
( 2S , 4S) -l-chloroacetyl-4-f luoro-2 - pyrrol idine car bo nit 
rile obtained in Preparation 1-8 and 

4-amino-4-methylcyclohexanone 0-[ ( 6 - me thyl - 2 - 

10 pyridinyl ) methyl ] oxime obtained in Example 4-4 in a 
similar manner to that of Example 3-5'. 

1 H -NMR ( 300MHz, DMSO) : 6 1.43(3H, s), 1 . 8 0 - 2 . 1 0 ( 3 H , m), 
2 . 17-2 . 55( 6H, m), 2.74(3H, s), 3.15(1H, br-d, J=14.7Hz), 
15 3 . 70-4 . 27 ( 4H, m), 5.08(1H, br-d, J=8.1Hz), 5.36(2H, s), 
5.57(1H, br-d, J=52.0Hz), 7.68(1H, d f J=8.0Hz) # 7.75(1H, 
d, J = 8.0Hz), 8 . 35 ( 1H ( t # J = 8.0Hz), 9 . 12 ( 1H . br-s), 9 - 36 ( 1H, 
br-s ) . 

MS (ES+) : m/e 402.18, 

20 

Example 5-1 

2- [ ( 2 -Methyl -3 -pyridinyl) methoxy] ~lH-isoindole-l,3(2H 
) -dione 

25 The title compound (1.8g) was prepared from 

( 2-methyl-3-pyridinyl)methanol in a similar manner to 
that of Example 2-1. 

Example 5-2 
30 3- [ ( Aminooxy) methyl ] - 2 - me thylpyr idine 

The title compound (676mg) was prepared from 
2- [ ( 2 -methyl- 3 -pyridinyl) methoxy] - lH-isoindole- 1 , 3 ( 2H 
) -dione obtained in Example 5-1 in a similar manner to 
35 that of Example 2-2, 
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1 H - NMR (300MHz, CDC1 3 ) : <5 2.58(3H, s), 4.72(2H, s), 
5.48(2H, br-s) ( 7.13(1H, dd , J=4.9, 7.7Hz), 7.61(1H, dd, 
J=1.8, 7.7Hz), 8.45(1H, dd , J=1.8, 4.9Hz). 
5 MS (ES+) : m/e 123.96. 

Example 5-3 

tert-Butyl l-methyl-4-{[(2-methyl-3-pyridinyl)methox 
y ] imino } eye lohexyl carbamate 

10 

The title compound (314mg) was prepared from 
tert -butyl 1 -methyl- 4 -oxocyc lohexyl carbamate obtained 
in Preparation 2-5 and 

3- [ (aminooxy) methyl] - 2 -methylpyridine by Example 5-2 in 
15 a similar manner to that of Example 3-3. 

1 H-NMR ( 300MHz, CDC1 3 ) : S 1.35(3H, s), 1.44(9H, s), 

1 . 45-1 . 62 ( 2H , m) , 2 . 0 6 - 2 . 3 0 ( 5H , m), 2.56(3H, s), 

2 . 82-94 ( 1H f m), 4.34(1H, br-s), 5.06(2H, s ) , 7 . 12 ( 1H, dd, 
20 J=4.8, 7.7Hz), 7.59(1H, dd , J=1.8, 7.7Hz), 8.43(1H, dd , 

J=l . 8 , 4 . 9Hz ) . 

MS (ES+ ) : m/e 348 . 24 . 

Example 5-4 

25 4-Amino-4-methylcyclohexanone O - [ ( 2 -methyl- 3 -pyridiny 
1 ) methyl ] oxime 



The title compound (155.1mg) was prepared from 
tert -butyl 1 -methyl- 4- { [ ( 2 -methyl - 3 -pyridiny 1 ) - 

30 methoxy ] imino }cyclohexylcarbamate obtained in Example 
5-3 in a similar manner to that of Example 3-4. 

L H - NMR ( 3 00MHz , CDC1 3 ) :<5 1.21(3H,s), 1.54-1.65(4H,m) f 
1.80(2H, br-s), 2.23(1H, at. J = 5.9, 14.7Hz), 2.34-2. 71(3H, 
35 m), 2.56(3H, s), 5.07(2H, s), 7.12(1H, dd , J = 5.0, 7.5Hz), 
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7.59(1H, dd, J=1.5, 7 . 5Hz ) , 8.43(1H, dd , J«1.5, 5.0Hz). 
MS (ES+) : m/e 248.19. 



Example 5-5 

5 ( 2S , 4S ) -4-Fluoro-l- { [ ( 1 -methyl- 4- { [ ( 2 -methyl - 3 -pyridi 
nyl )methoxy ] imino }cyclohexyl ) amino ] acetyl } - 2 -pyrrol id 
inecarbonitrile dihydrochlor ide 

The title compound (179mg) was prepared from 
10 ( 2S , 4S ) - 1 -chloroacetyl-4 -f luoro- 2 -pyrrolidine carbon it 
rile obtained in Preparation 1-8 and 

4- amino-4-methylcyclohexanone O- [ ( 2-methyl-3- 
pyridinyl )methyl ] oxime obtained in Example 5-4 in a 
similar manner to that of Example 3-5, 

15 

*H - NMR ( 300MHz, DMSO ) : 6 1.42(3H, s), 1 . 7 0 - 1 . 9 9 ( 3H , m ) , 
2..05-2.50 ( 6H, m), 2.71(3H, s), 3.10(1H, br-d, J = 16.1Hz), 
3 . 65-4 . 30( 4H, m), 5.08(1H, d, J = 8 . 1Hz ) f 5.20(2H, s), 
5.61(1H, br-d # J = 52.6Hz), 7 . 8 0 ( 1H , br - s ) , 8 . 2 3 - 8 . 3 2 ( 1H , 
20 m) , 8.67(1H, br-d, J=5.1Hz), 9.07(1H # br-s), 9.18(1H V 
br- s ) . 

MS (ES+ ) : m/e 402 . 17 . 
Example 6-1 

2 5 2- [ ( 6-Chloro-3-pyridinyl )methoxy ] - 1H - is o indole- 1 . 3 ( 2H 
) -dione 

The title compound (1.65g) was prepared from 
( 6 - chloro - 3 - pyridinyl ) methanol in a similar manner to 
30 that of Example 2-1. 

Example 6-2 

5- [ ( Amino oxy) methyl ] -2 - chloropyridine 

35 The title compound (40mg) was prepared from 
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2- [ (6-chloro- 3 -pyridinyl ) methoxy ] - 1H - i s o indole - 1 , 3 ( 2H 
) -dione obtained in Example 6-1 in a similar manner to 
that of Example 2-2. 



5 X H -NMR (300MHz r DMSO) : 6 5.11(2H, s), 7.61(1H, d, 
J = 8 . 0Hz ) , 7 . 95 ( 1H, dd, J = 2 . 4 , 8.0Hz), 8. 40 ( 1H . d, J=2.4Hz), 
10.9(2H, br-s) . 
MS (ES-) : m/e 158.92. 

10 Example 6-3 

tert- Butyl 4-{ [ ( 6-chloro -3 -pyridinyl ) methoxy ] imino}-l 
- me thylcyclohexyl carbamate 

The title compound (252mg) was- prepared from 
16 tert -butyl 1 -methyl - 4 - oxocyclohexyl carbamate obtained 
in Preparation 2-5 and 

5 - [ ( am i n ooxy ) methyl ] - 2 - chloropyr idine by Example 6 - 2 in 
a similar manner to that of Example 3-3. 

20 1 H-NMR ( 300MHz, CDC1 3 ) : <5 1.35(3H, s), 1.44(9H, s), 
1 . 40-1 . 65 ( 2H, m) , 2 . 0 8 - 2 . 5 0 ( 5H \ m), 2 .. 8 0 - 2 . 9 0 ( 1H , m), 
4.38(1H, br-s), 5.02(2H, s),.7.32(lH, d, J=8.1Hz) # 7.64(1H, 
dd, J = 2,4, 8.1Hz), 8.36(1H, d, J = 2.4Hz) . 
MS ( ES+ ) : m/e 368.12. 

25 

Example 6-4 

4-Amino-4-methylcyclohexanone O- [ ( 6 - chloro - 3 -pyr idiny 
1 ) methyl ] oxime 

30 The .title compound (174mg) was prepared from 

tert -butyl 4-{ [ ( 6 - chloro - 3 -pyr idiny 1 ) methoxy ] imino } 
- 1 -methylcyclohexylcarbamate obtained in Example 6-3 in 
a similar manner to that of Example 3-4. 



35 X H- NMR ( 300MHz, CDC1 3 ) : <5 1.18(3H, s), 1 . 4 9 - 1 . 6 2 ( 4H , m), 
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2.20(1H, dt, J = 5.9, 14.8Hz), 2 . 3 3 - 2 . 5 4 ( 2 H , m ) , 2.65(1H, 
dt, J=5.9, 14.8Hz), 5.03(2H, s), 7.31(1H, d, J=8.1Hz), 
7.64(1H, dd, J=2.4, 8.1Hz), 8.36(1H, d, J=2.4Hz). 
MS (ES+) : m/e 268.15. 

5 

Example 6-5 

(2S,4S)-l-{[(4-{[ ( 6-Chloro-3-pyridinyl)methoxy ] imino} 
-1-methylcyclohexyl ) amino ] acetyl} - 4 -fluoro- 2 -pyrr olid 
inecarbonitrile 

10 

The title compound (151mg) was prepared from 
( 2S , 4S ) - 1 -chloroacetyl-4 -f luoro-2-pyrrolidinecarbonit 
rile obtained in Preparation 1-8 and 

4-amino- 4 -methylcyclohexanone 0- [ ( 6 - chloro - 3 - 

15 pyridinyl ) methyl ] oxime obtained in Example 6-4 in a 
similar manner to that of Example 3-5. 

X H-NMR (300MHz, CDC1 3 ) :<5 1. 11(3X3/ 4H.s),l -14(3X1/ 4H, 
s), 1.40-1.69(4H,m), 2.10-2.47(4H,m), 2.62-2.80( 2H,m), 
20 3 . 28- 4 . 00 ( 4H, m), 4.96(1H, d, J=9.5Hz), 5.03(2H, s), 
5.36(1 X 1/4H, br-d, J=51.3Hz), 5.44.(1 X 3/4H, br-d, 
J=51.3Hz), 7.31(1H, d, J=8.2Hz), 7.64(1H, dd , J = 2.2. 
8.2Hz), 8.36(1H, d, J=2.2Hz). 
MS (ES+) : m/e 422.11* 

25 

Example 7-1 

2 -Pyridinecarbaldehyde O- (4-amino-4-methyl- 

cyclohexyl ) oxime bis ( trif luoroacet at e ) 

30 To a solution of tert-butyl 

trans- 1 -methyl- 4- ( { [ ( IE ) - 2 - pyr idiny lme thy lene ] amino }o 
xy ) cyclohexyl ] carbamate (436mg) in tetrahydrof uran 
(1.5mL), was added trif luoroacet ic acid ( 3mL ) in an 
ice-water bath. The reaction mixture was stirred at room 

36 temperature for l.Shrs. The mixture was concentrated in 
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vacuo. The residue was used in the next step without 
purification ( 1 . 0 9g ) . 

Example 7-2 

5 ( 2S , 4S ) -4-Fluoro-l- ( { [ 1 -me t hyl - 4 - ( { [ ( IE ) - 2 - py r i diny lm 
ethylidene ] amino } oxy ) eye lohexyl ] amino} acetyl ) -2-pyrro 
lidinecarbonitrile 

To a stirred solution of 2 -pyr idinecarbaldehyde 
10 O- ( trans-4-amino-4-methylcyclohexyl ) oxime 

bis ( trif luoroacetate ) in dimethylf ormamide (2mL), were 
added K 2 C0 3 ( 935mg), ( 2S , 4S ) - 1 -chloroacetyl - 4 - 
f luoro - 2 -pyrrol idinecarbonitrile obtained in 

Preparation 1-8 (237mg) and sodium iodide (9mg). 
15 The mixture was stirred for 4hrs at 50°C and diluted 

with water. The aqueous layer was extracted with ethyl 
acetate. The organic layer was washed with saturated 
aqueous NaCl, dried and concentrated in vacuo. The 
residue was crystallized from ethanol to provide the 
20 target compound as a white solid (150mg). 

X H - NMR ( 3 00MHz, CDC1 3 ) : <5 1.12(3X4/ 5H,s),l. 15(3X1/ 5H, 
s), 1.39-1.52(2H,m), 1.55~1.80(4H,m), 1.90-2.05(2H,m), 
2.20-2.56(lH, m), 2.67(lX4/5H, t, J=15.0Hz), 2.77(lX 

25 1/5H # t, J=14.9Hz), 3 . 30-4 . 10 ( 4H, m) , 4.32(1H, br-s), 
4.7M1X4/5H, d t J = 9.2Hz) # 5.11(lXl/5H, d, J = 8.8Hz), 
5 . 36 ( IX 1./5H, br-d, J = 52.2Hz), 5.43(lX4/5H # br-t f J=3.5, 
5 0.9Hz) , 7.25(lH,m) # 7.69(1H, dt # J = 1.8, 7.9Hz), 7.80(1H, 
dt, J = 0.9, 7.9Hz), 8.18(lH f s), 8.61(lH f ddd , J = 0.9, 1.8, 

30 5 . 0Hz ) . 

MS ( ES+ ) : m/e 388.14. 

Example 8-1 

1-tert -Butyl 2 -methyl ( 2S ) -4-oxo-l , 2- 

36 pyrrol idinedicarb oxy late 
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To a solution of oxalyl chloride in dichlorome thane 
(50mL) at -70°C , was added dimethylsulf oxide dropwise . 
After 15min, a solution of 1-tert-butyl 2-methyl 
5 ( 2S , 4R ) - 4 -hydroxy- 1 , 2 - pyrrol id in edi car boxy la t e in 
CH 2 C1 2 (20mL) was added at the same temperature. 

The reaction mixture was warmed to 0°C , and then cooled 
to -70°C . Triethylamine (23mL) was added to the reaction 
mixture, and warmed to room temperature. The reaction 

10 mixture was quenched by adding water. The aqueous layer 
was extracted with ethyl acetate. The combined organic 
layer was washed with IN HC1 and brine, dried over MgS0 4 , 
and filtered. After removal of the solvent in vacuo, the 
residue was purified with silica gel chromatography 

15 (n-hexane/ethyl acetate = 4/1 to 2/1) to give the target 
compound as a yellow oil (2.61g). 

X H - NMR (in CDC1 3 ) : 8 1.55-1.38(9H,m), 2. 66-2, 51. (1H, m), 
3 • 05-2 . 84 ( 1H, m), 3.77(3H, s), 3 . 9 7 - 3 . 8 4 ( 2H , m), 
20 4,88-4. 65(1H, m) . 

Example 8-2 

1-tert-Butyl 2-methyl ( 2S ) - 4 , 4 - dif luoro - 1 , 2 - 

pyrrol idinedicar boxy late 

25 

To a solution of 1-tert-butyl 2-methyl 
(2S)-4-oxo-l, 2 -pyrrol idinedicar boxy late obtained in 
Example 8-1 (3.6g) in dichloromethane , was added 
diethylaminosulf ur trifluoride ( 4mL) dropwise with 

30 cooling on an ice bath. The reaction mixture was warmed 
to room temperature and stirred for llhrs. 

To the resulting mixture was added NaHC0 3 , and the 
reaction mixture was quenched by adding saturated aqueous 
NaHC0 3 , and then water ( 100 OmL ) and CaCl 2 ( 11 . 5g ) in water 

35 (50mL) were added. The resulting suspension was 
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extracted with ethyl acetate, the combined organic layer 
was washed with saturated aqueous NaCI, dried over MgS0 4 , 
and concentrated in vacuo. The residue was purified with 
silica gel chromatography ( n-hexane/ethyl acetate = 5/1) 
5 to give the target compound as a yellow oil (3.6g). 

X H -NMR (in CDC1 3 ) : d 1.53-1.36(9H,m), 2.55-2.35(lH,m), 
2 . 83-2 . 58 ( 1H, m), 3 . 9 4 - 3 . 7 1 ( 5 H , m ) , 4 . 6 2 - 4 . 3 7 ( 1H , m). 
MS (ESI+) : m/z 266,18 (M+H). 

10 

Example 8-3 

( 2S ) - 1- ( t er t - Bu toxy car bony 1 ) - 4 , 4 -dif luoro-2-pyrrolidi 
necarboxylic acid 

15 The crude product of 1-tert-butyl 2-methyl 

( 2S ) - 4 , 4 -dif luoro- 1 , 2 - pyrrol id inedicar boxy late 
obtained in Example 8-2 (3.9g) was dissolved in methanol 
(llmL) and then IN NaOH (22mL) was added at room 
temperature, 

20 After stirring for l.Shrs, the resulting mixture was 

washed with diethyl ether, acidified with IN HC1 (30mL), 
and then was extracted with ethyl acetate. The combined 
organic layer was washed with saturated aqueous NaCI, 
dried over MgS0 4 , and concentrated in vacuo. The residue 

25 was triturated with hexane to give the target compound 
as a white powder (3.1g). 

X H - NMR (in CDC1 3 ) <5 1.62-1.30(9H,m),2.92-2.39(2H,m), 
4 . 02-3 . 60( 2H, m), 4 . 6 9 - 4 . 4 1 ( 1H , m), 7.50(1H, br-s). 
30 MS (ESI-) : m/z 250.19 (M-H). 

Example 8-4 

tert -Butyl ( 2S ) - 2 -amino car bony 1 - 4 , 4 -dif luoro- 1- 

pyrrolidinecarboxylate 

35 
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To a solution of ( 2S ) - 1 - ( tert -butoxycarbonyl ) - 4 , 4 - 
dif luoro-2-pyrrolidinecarboxylic acid obtained in 
Example 8-3 . in acetonitrile (30mL), were added 
1 -hydroxybenzotriazole hydrate (1.98g) and water soluble 
5 carbodiimide (3.11g) with cooling on an ice bath. After 
stirred for 20min, 28% aqueous NH 3 ( 2mL ) was added at the 
same temperature and the resulting mixture was stirred 
for lhr. 

The reaction mixture was filtered and the filtration 
10 was evaporated in vacuo. After dilution with ethyl 
acetate, the resulting mixture was washed with water and 
saturated aqueous NaCl, dried over MgS0 4 , and filtered. 
After removal of the solvent, the target compound was 
obtained as a yellow oil (3.2g). 

15 

1 H - NMR (in CDC1 3 ) : 6 1.48(9H, s), 3 . 1 0 - 2 . 4 4 ( 2H , m ) , 
4 . 02-3 . 54 ( 2H, m), 4 . 6 5 - 4 . 4 1 ( 1 H , m), 5 . 7 1 - 5 . 4 0 ( 1H , m), 
6 . 97-6 . 64 ( 1H, m) . 

MS (ESI+) : m/z 251.22 (M+H). 

20 

Example 8-5 

( 2S ) -4 , 4 -Dif luoro- 2 -pyrrol idinecarboxamide 
hydrochloride 

25 tert -Butyl (2S) - 2 - amino car bony 1 - 4 , 4 - dif luoro - 1 - 

pyrrolidinecarboxylate obtained in Example 8-4 (3.2g) was 
dissolved in 4N HC1 in dioxane (13mL) and the resulting 
mixture was stirred for lOmin at room temperature. 

After removal of the solvent, the resulting residue 

30 was triturated with ethyl acetate to give the target 
compound as a white powder (2.1g). 

MS (ESI+) : m/z 150.95 (M+H). 

35 Example 8-6 
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( 2S ) -1 -Chloroacetyl- 4 , 4 -dif luoro - 2 -pyrrolidinecarboxa 
mide 

To a mixture of ( 2S ) - 4 , 4 -dif luoro- 2 - 

5 pyrrolidinecarboxamide hydrochloride obtained in 
Example 8-5 and sodium 2 -ethylhexanoate (4.35g) in 
tetrahydrof uran (30mL), was added chloroacetyl chloride 
with cooling on an ice bath. The reaction mixture was 
stirred for 30min at the same temperature. 

10 The resulting mixture was then poured onto buchner 

funnel/filter paper and washed with ethyl acetate. The 
solvent was removed in vacuo and the residue was purified 
with silica gel chromatography ( chlorof orm/methanol 
= 10/1 to 5/1) to give the target compound as a colorless 

15 oil (2.27 g) . 



*H - NMR ( in CDC1 3 ) : <5 2.70-2.48(lH,m),3.13-2.89(lH,m), 
4 . 16-3 . 86 ( 4H , m), 4 . 8 6 - 4 . 7 5 ( 1H , m), 5.69(1H, br-s), 
6.64(1H, br-s). 
20 MS (ESI-) : m/z 225.15 ( M- H ) . 

Example 8-7 

( 2S ) - 1 -Chloroacetyl - 4 , 4 -dif luoro- 2 - pyrrol i din ecarboni 
trile 

25 

To a solution of ( 2S )- 1 -chloroacetyl - 4 , 4 - 
dif luoro - 2 -pyrrolidinecarboxamide obtained in Example 
8-6 (14. 5g) in tetrahydrof uran (25mL), was added 
tetraf luoroacet ic anhydride ( 2 . 3mL ) at room temperature. 
30 After stirring for 30min, the resulting mixture was 

concentrated in vacuo. The residue was purified with 
silica gel chromatography ( n-hexane/ethyl acetate = 4/1 
to 1/1) to give the target compound as a colorless solid 
(1.9g). 

35 
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l H-NMR (in CDC1 3 ) :<5 2.95-2.67(2H,m),4.21-3.88(4H,m), 
5.06-4.87(lH, m) . 

Example 8-8 

5 ( 2S ) - 4 , 4-Dif luoro-1- ( { [ 1 -methyl- 4- ( { [ ( IE) -3-pyridinyl 
methylidene ] amino }oxy ) cyclohexyl ] amino } acetyl ) - 2 -pyrr 
olidinecarbonitrile 

The title compound (83mg) was prepared from 
10 nicotinaldehyde 0 - ( 4 -amino - 4 -methyl cyclohexyl ) oxime 
bis ( trif luoroacetate ) obtained in- Example 1-5 and 
( 2S ) -l-chloroacetyl-4 , 4-dif luoro- 2 -pyrrolidine carbon i 
trile obtained in Example 8-7 in a similar manner to that 
of Example 7 - 2 . 

15 

1 H - NMR (in DMSO) : 6 1.38(3H, s), 2 . 20 - 1 . 4 3 ( 8H f m), 
3 . 06 - 2 . 77 ( 2H , m ) , 4 . 4 8 - 3 . 9 0 ( 5H , m), 5 . 30 - 5 . 1 4 ( 1H , m) , 
7 . 99-7 . 69 ( 1H , m) f 8 . 5 8 - 8 . 3 2 ( 2 H , m ) , 8 . 9 0 - 8 . 6 8 ( 1H , m), 
9 . 39-8 . 90(3H, m) . 
20 MS (ESI+) : m/z 406.21 (M+H). 



Example 9-1 

6 -Trif luoromethylnicotinaldehyde 0- ( 4 -amino- 4 - methyl - 
cyclohexyl ) oxime 

25 

The title compound (65mg) was prepared from 
tert- butyl 1 -methyl- 4- ({ [ ( IE) - 6 - t rif luoromethyl - 3 - 

pyridinyl -methylidene ] amino }oxy ) cyclohexylcarbama t e 
in a similar manner to that of Example 17-2 described later. 

30 

MS (ESI+) : m/z 302.14 (M+H). 
Example 9-2 

(2S ) -4 , 4-dif luoro-1- [ ( { 1 -methyl - 4 - [ ( { ( IE) - [ 6- ( trif luo 
35 romethyl ) - 3-pyridinyl ] methylidene} amino ) oxy ] cyclohexy 
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1} amino) acetyl] -2-pyrrolidinecarbonitrile 
dihydrochloride 

The title compound (5.5mg) was prepared from 
(2S)-l-chloroacetyl-4, 4 -dif luoro - 2 - pyrr olidinecarboni 
trile obtained in Example 8-7 and 

6 - trif luoromethylnicotinaldehyde 0- ( 4 -amino - 4 -methyl - 
cyclohexyl ) oxime obtained in Example 9-1 in a similar 
manner to that of Example 7-2. 



*H -NMR (in DMSO) : 6 1.36(3H, s), 1 . 6 9 - 1 . 4 3 ( 2H , m.) , 

1 . 99-1 . 69 ( 4H , m), 2 . 2 0 - 1 . 9 9 ( 2H , m), 3 . 0 5 - 2 . 7 8 ( 2H , m), 

4 . 64-3 . 82 ( 5H, m), 5 . 3 1-5 . 12 ( 1H v m), 8 . 0 6 - 7 . 9 0 ( 1H , m), 

8 • 37-8 . 19 ( 1H., m), 8 . 5 0 - 8 . 3 7 ( 1H , m), 9 . 2 2 - 8 . 9 0 ( 3H , m). 
15 MS (ESI+) : m/z 474.11 ( M + H ) . 

Example 10 

( 2S) -4 , 4-Dif luoro-1- ( { [ l-methyl-4- ( { [ ( IE ) -1- ( 3-pyridi 
nyl ) e thylidene ] amino } oxy ) cyclohexyl ] amino Jacetyl) -2-p 
20 yrrolidinecarboni trile dihydro chloride 

The title compound (42.1mg) was prepared from 
l-methyl-4- ( { [ ( IE) -1- ( 3 -pyridinyl ) ethyl idene ] amino } ox 
y ) cyclohexyl ami no and { 2S ) - 1 - chloroacetyl -4,4- 

25 dif luoro - 2 -pyrrolidinecarbonitrile obtained in Example 
8-7 in a similar manner to that of Example 7-2. 

1 H-NMR (in DMSO) : 6 1.38(3H, s) # 2 . 2 0 - 1 . 4 4 ( 8H , m) , 
2.27(3H, s), 3 . 03-2 . 78 ( 2H, m), 4 . 4 9 - 3 . 9 1 ( 5H , m), 
30 5.29-5. 13 (1H 0 m), 8 . 00 - 7 . 82 ( 1H f m) # 8 . 6 6 - 8 . 5 0 ( 1H , m) # 
8 . 90-8 . 78 ( 1H, m), 9 . 3 2 - 9 . 0 0 ( 3H , m). 
MS (ESI+) : m/z 420.21 (M+H). 

Example 11 

35 (.28).- 4, 4 - Dif luoro- 1- [ ( { 1 -methyl - 4 - [ ( 2 -pyridinylmethox 
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y ) imino ] cyclohexyl } amino) acetyl] - 2 - pyrrol i dine carbon i 
trile dihydrochloride 

The title compound (249mg) was prepared from 
5 l-methyl-4-[( 2 -pyridinylmethoxy ) imino ] cyclohexyl } am in 
o and .( 2S ) - 1- chloro acetyl - 4 , 4-dif luoro - 2 - 

pyrrolidinecarbonit rile obtained in Example 8-7 in a 
similar manner to that of Example 7-2. 

10 1 H-NMR (in DMSO) : 8 1.44(3H, s), 2 . 3 6 - 1 . 7 4 ( 7H , m), 

3.. 02-2 . 74 ( 3H, m), 3 . 2 7 - 3 . 0 9 ( l H , m ). , 4 . 4 6 - 4 . 0 4 ( 4H , m ) , 

5 . 27-5 . 15 ( 1H, m), 5.37(2H, s ), 8 . 0 1 - 7 . 8 0 ( 2H , m), 

8 . 52-8 . 38 ( 1H, m ) , 8 . 9 0 - 8 . 7 6 ( 1H , m), 9 . 3 2 - 9 . 1 1 ( 1H , m), 
9.54-9.32(lH, m) . 

15 MS (ESI+) : m/z 406.23 (M+H) . 

Example 12-1 

tert- Butyl 1 -methyl- 4- ( £ [ ( IE ) - 4 -pyridinyl - 

methyl i dene ] amino }oxy ) cyclohexyl carbamate 

20 

To a cold (-78°C) stirred solution of tert-butyl 
[ trans - 4 - amino oxy- 1 -methyl cyclohexyl ] carbamate . 
(147mg) in methanol (lmL) , was added isonicot inaldehyde 
(0.057mL). The mixture was stirred to room temperature 
25 for 16hrs. The solution was concentrated in vacuo. The 
residue was triturated with isopropylether , then 
filtrated to provide the target compound as a white solid 
(128mg). 

30 X H - NMR (300MHz, CDC1 3 ) : $ 1.34(3H, s), 1.45(9H, s), 

1.57-1.94(8H, m) , 4.35(1H, br^s) # 4.39(1H, br-s) , 7.45(2H, . 
dd, J=1.5, 4.4Hz), 8.04(lH, s), 8.62(2H, dd, J=1.5, 
4 • 4Hz ) . 

MS ( ES+ ) : m/e 334.22. 
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Example 12-2 

I son i cot in aldehyde 0- ( 4 - amino -4 -me t hy lcyc lohexy 1 ) - 
oxime bis ( trif luoroacetate ) 

5 The title compound (165mg) was prepared from 

tert- butyl 1 -methyl- 4- ( £ [ ( IE) - 4 - pyridiny 1 - 

me thyl idene ] amino} oxy ) cyclohexyl carbamate obtained in 
Example 12-1 in a similar manner to that of Example 7-1. 

10 Example 12-3 

( 2S, 4S ) -4-Fluoro-l- ( £ [ 1 -methyl- 4- ( { [ ( IE) - 4 -pyridiny lm 
ethyl idene] amino } oxy ) cyclohexyl ] amino } acetyl ) -2-pyrro 
lidinecarbonitrile 

15 The title compound (89.0mg) was prepared from 

isonicotinaldehyde O- ( 4 - amino - 4 -me thy lcyc lohexy 1 ) - 

oxime bis (trif luoroacetate ) obtained in Example 12-2 and 
(2S)-l-chloroacetyl-4, 4 - dif luoro - 2 - py rrolidinecarboni 
trile obtained in Example 8-7 in a similar manner to that 

20 of Example 7 - 2 . 

X H - NMR ( 3 00MHz, CDC1 3 ) : S 1. 12(3X4/ 5H,s),l. 15(3X1/ 5H, 
s), 1 . 39-1 . 80 ( 6H, m), 1.97(2H, br-s), 2 . 20 - 2 . 5 7 ( 1H , m), 
2.70(1X4/5H, t), 2.77(lXl/5H, t), 3 . 3 0 - 4 . 4 0 ( 4H . m) , 
25 4.31 ( 1H, br-s), 4.97(lX4/5H. d, J = 9.3Hz), 5.09(lXl/5H f 
d, J=9.0Hz), 5.37(1X1/5H, br-d, J=53.2Hz), 5.44(lX4/5H, 
br-t, J=3.6, 5 0.8Hz) , 7.45(2H, dd, J=1.7, 4.6Hz), 8.03(1H, 
s), 8.62(2H, dd, J=1.7» 4.6Hz). 
MS (ES+) : m/e 388.15. 

30 

Example 13-1 

tert -Butyl 4- ( { [ ( IE ) - ( 6 -chloro- 3 -pyridiny 1 ) - 

methyl idene ] amino } oxy ) - 1 -me thy lcyc lohexy 1 car bamate 

35 The title, compound (138mg) was prepared from 
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tert-butyl (trans-4-aminooxy-l -methylcyclohexyl ) - 

carbamate and 6 - chloronicot inaldehyde in a similar manner 
to that of Example 12-1. 



5 1 H-NMR ( 300MHz, CDC1 3 ) : 6 1.34(3H, s), 1.44(9H, s), 
1.63-1.95( 8H, m) , 4.32(1H, br - s ) , 4 . 3 8 ( 1H , br-s), 7.33(1H, 
d, J=8.3Hz), 7.95(1H, dd , J=2.3, 8.3Hz), 8.07(1H, s), 
8 . 47 ( 1H, d, J = 2 . 3Hz) . 
MS (ES+ ) : m/e 368.13.. 

10 

Example 13-2 

6 -Chloronicot inaldehyde O- ( 4 - amino - 4 -met hyl - 

cyclohexyl )oxime bis ( trifluoro acetate ) 

15 The title compound (146mg) was prepared from 

tert-butyl 4- ( { [ ( IE ) - ( 6 - chloro - 3 -pyr idiny 1 ) - 

methyl i dene ] amino }oxy ) - 1 -methyl cyclohexyl car bam at e 
obtained in Example 13-1 in a similar manner to that of 
Example 7-1. 

20 

Example 13-3 

(2S,4S)-l-({[4-({[(lE)- ( 6 - Chi oro - 3 -pyr idiny 1) me thy lid 
ene]amino}oxy) - 1 -methylcyclohexyl ] aminojacetyl) -4-flu 
oro- 2 -pyrrolidinecarbonitrile 

25 

The title compound (13.3mg) was prepared from 
( 2S , 4S ) - 1 -chloroacetyl-4-f luoro- 2 -pyrrolidine car bonit 
rile obtained in Preparation 1-8 and 

6-chloronicotinaldehyde 0-(4-amino-4 -methyl - 

30 cyclohexyl ) oxime bis ( trif luoroace t at e ) obtained in 
Example 13-2 in a similar manner to that of Example 7-2. 

l H-NMR ( 3 0 0MHz , CDC1 3 ) : 6 l.ll(3X4/5H,s),l. 15(3Xl/5H, 
s), 1 . 38-1 . 76 ( 6H, m), 1.96(2H, br-s), 2 . 20 - 2 . 5 8 ( 1H , m), 
35 2 . 70(lX4/5H, t), 2.77(lXl/5H, t), 3 . 30 - 4 . 10 ( 4H , m), 

55 




WO 2004/099185 PCT/JP2004/006568 

4.28(1H, br-s), 4.97(lX4/5H, d, J=9.2Hz), 5.09(lXl/5H f 
d, J=9 . 0Hz ) , 5.37(lXl/5H, br-d, J = 51.0Hz), 5. 44(1X4/ 5H, 
br-d, J = 51.0Hz) , 7.33(1H, d, J=8.4Hz) , 7.96(1H, dd, J=2.4, 
8.4Hz), 8.07(1H # s), 8.47(1H, d, J=2.4Hz). 
5 MS ( ES+ ) : m/e 422.09. 

Example 14-1 

tert -Butyl 4- ({ [ ( IE ) - ( 6 -methoxy- 3 -pyridinyl ) - 

methylidene] amino }oxy ) - 1 - me t hy Icy clohexyl carbamate 

10 

The title compound (141mg) was prepared from 
tert -butyl ( trans -4-aminooxy-l -methylcyclohexyl ) - 

carbamate and 6 -methoxynicot inaldehyde in a similar 
manner to that of Example 12-1. 

15 

X H-NMR (300MHz, CDC1 3 ) t.O 1.34(3H, s), lw44(9H, s), 
1 . 60-1 . 90 ( 8H , m) , 3 . 96 (3H, s ) . 4.27(1H, br-s) , 4.39(1H, 
br-s), 6.75(1H ( d, J=8.6Hz), 7.94(1H, dd, J= 2 . 2 , 8 . 6Hz ) , 
8.05(1H, s), 8.18(1H. d, J = 2.2Hz). 
20 MS (ES+) : m/e 364.19. 

Example 14-2 

6 -Methoxynicot inaldehyde O- ( 4 - amino - 4 -methyl - 

cyclohexyl ) oxime bis ( trif luoro acetate ) 

25 

The title compound (163mg) was prepared from 
tert -butyl 4- ( { [ ( IE) - ( 6 -methoxy- 3 -pyridinyl ) - 

methylidene ] amino }oxy ) - 1 -methyl eye lohexy lcarbamat e 
obtained in Example 14-1 in a similar manner to that of 
30 Example 7-1. 

Example 14-3 

(2S,4S) -4-Fluoro-l-({ [4-({ [ ( IE ) - ( 6 -me thoxy - 3 - pyr i diny 
1 ) methylidene ] amino } oxy ) - 1 -methylcyclohexyl ]amino}ace 
35 tyl ) - 2 -pyrrolidinecarbonitrile 
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The title compound (74.4mg) was prepared from 
(2S,4S)-l-chloroacetyl-4 - f luoro - 2 -pyrrolidine carbon it 
rile obtained in Preparation 1-8 and 

5 6-methoxynicotinaldehyde 0-( 4-amino-4-methyl- 

cyclohexyl ) oxime bis ( trif luoroacetat e ) obtained in 
Example 14-2 in a similar manner to that of Example 7-2. 

1 H-NMR ( 300MHz , CDC1 3 ) : 6 1111(3X4/ 5H, s),l. 15(3X1/ 5H # 
10 s), 1 . 30-1 . 78 ( 6H, m), 1.95(2H, br-s), 2 . 3 0 - 2 . 5 6 ( 1H , m), 

2.69(lX4/5H, t, J = 15 . 8Hz) . " 2 . 77 ( 1 X 1/5H, t, j=15.5Hz), 
3.30-4. 02(4H, m), 3.96(3H, s), 4.23(1H, br-s), 4.97(1 
X4/5H, d, J=9.6Hz), 5.12(lXl/5H, d, J=9.5Hz), 5.36(1 
X 1/5H, br-d, a=51.1Hz), 5.44(1 X 4/5H, br-d, J=3.4, 
15 51 . 1Hz ) , 6 . 75 ( 1H, d, J = 8 . 6Hz ) , 7 . 95 ( 1H f dd, J = 2 . 4 , 8 . 6Hz ) , 
8:05(1H, s), 8.18(1H, d, J=2.4Hz) . 
MS (ES+) : m/e 418.12. 

Example 15-1 

20 tert -Butyl 1 -methyl- 4- ({[(lE)-(6-phenoxy-3- 

pyr idiny 1 ) methylidene ] amino } oxy ) cyclojhexylcarbamat e 

The title compound (203mg) was prepared from 
tert -butyl ( trans - 4 -aminooxy- 1 -me thy 1 cyclohexyl ) - 

25 carbamate and 6-phenoxynicotinaldehyde in a similar 
manner to that of Example 12-1. 

*H - NMR (300MHz, CDC1 3 ) : S 1.34(3H, s), 1.44(9H, s), 
1.62-1. 90(8H f m), 4 . 28 ( 1H, br-s), 4 . 39 ( 1H , 'br-s ) , 6 . 91 ( 1H , 
30 d, J = 8 . 7 Hz), 7.15(2H, d, J=7.5Hz), 7.23(1H, t, J=7 . 5Hz ) , 
7.42(2H, t, J=7.5Hz), 8.04(1H, dd, J=2 . 1 , 8.7Hz), 8.06(1H, 
s) , 8.22(1H, d, J=2.1Hz) . 
MS (ES+) : m/e 426.16. 

35 Example 15-2 
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6 -Phenoxynico tin aldehyde 0-(4-amino-4-methyl- 
cyclohexyl )oxime bis ( trif luoroacetate) 

The title compound (233mg) was prepared from 
5 tert -butyl 1 -methyl - 4 - ( { [ ( IE ) - ( 6 -phenoxy-3 - 

pyridinyl ) me thy 1 idene ] amino } oxy ) cyclohexyl carbamate 
obtained in Example 15-1 in a similar manner to that of 
Example 7 - 1 . 

10 Example 15-3 

( 2S , 4S ) -4-Fluoro- 1- ( { [ l-methyl c 4- ( { [ ( IE ) - ( 6 -phenoxy-3 
-pyridinyl Jmethylidene] amino } oxy ) cyclohexyl ] amino } ace 
tyl) - 2 -pyrrolidinecarbonitrile 



15 The title compound (35.9mg) was prepared from 

(28,4s) -1- chloro acetyl- 4 -fluoro- 2 -pyrrol i dine car bonit 
rile obtained in Preparation 1-8 and 

6 -phenoxynicot inaldehyde O- ( 4 - amino- 4 -methyl - 

. cyclohexyl ) oxime bis ( trif luoroacetate ) obtained in 

20 Example 15-2 in a similar manner to that of Example 7-2. 

'H-NMR ( 300MHz, CDC1 3 ) :<5 l.ll(3Xl/5H,s),1.15(3X4/5H, 
s), 1 . 37-1 . 78 ( 6H, m), 1.95(2H, br-s), 2 . 2 0 - 2 . 5 5 ( 1H , m ) , 
2.70(1X4/5H, t, J = 15.3Hz), 2.77(lXl/5H f t, J = 15.2Hz), 

25 3 . 30-4 . 10 ( 4H , m), 4.25(1H, br-s), 4.97(1 X4/5H, d, 
J=9.0Hz), 5.10(lXl/5H, d, J=9.0Hz), 5.36(lXl/5H, br-d, 
J=51.0Hz), 5.44(lX4/5H, br-d, J=50.4Hz), 6.92(1H, d, 
J=8.4Hz), 7.14(2H, d, J=7.9Hz), 7.23(1H, t, J=7.9Hz), 
7.42(2H, t, J=7.9Hz), 8.04(1H, br-d, J=8.4Hz), 8.06(1H, 

30 s ) , 8, 22 ( 1H, s ) . 

MS (ES+) : m/e 480.06. 

Example 16-1 

tert -Butyl 1 -methyl- 4- [ ( { ( IE ) - [ 6- ( trif luoromethyl) -3- 
35 pyridinyl ] me thyli dene } amino ) oxy ] cyclohexyl carbamate 

58 



WO 2004/099185 



PCT/JP2004/006568 



The title compound (206mg) was prepared from 
tert- butyl (trans-4-aminooxyr 1 -me thylcyclohexy 1 ) - 

carbamate and 6-trif luoromethylnicot inaldehyde in a 
similar manner to that of Example 12-1. 

X H -NMR (300MHz, CDC1 3 ) : 5 1.34(3H, s) f 1.45(9H, s), 
1 . 60-1 . 95 ( 8H , m), 4 . 3 8 ( 2H , . br- s ) , 8.68(1H, d, J=8.4Hz), 
8.12(1H, br-d, J=8.4Hz), 8.15(1H, s), 8.84(1H, br-s). 
MS (ES+) : m/e 346 . 21 (M-tBu) . 

Example 16-2 

6 - ( Trif luoromethyl ) nico tin aldehyde O - ( 4 -amino - 4 - 

methylcyclohexyl ) oxime bis ( trif luoro acetate ) 

The title compound (133mg) was prepared from 
tert -butyl l-methyl-4- ( { [ ( IE ) - ( 6 - Trif luoromethyl - 3 - 
pyridinyl ) me thylidene ] amino }oxy) eye lohexyl carbamate 
obtained in Example 16-1 in a similar manner to that of 
Example 7 - 1 . 

Example 16-3 

( 2S , 4S ) -4-Fluoro-l- [ ( {l-methyl-4- [({(lE)-[6-(trifluor 
omethyl ) - 3 -pyridinyl ] methyl i dene } amino ) oxy ] eye lohexyl 
} amino ) acetyl ] - 2 -pyrrolidinecarboni t rile 

The title compound (-23mg) was prepared from 
( 2S , 4S ) - 1 -chloroacetyl- 4 - f luoro- 2 -pyrrol i dine car bonit 
rile obtained in Preparation 1-8 and 

6- ( trif luoromethyl ) nico t inaldehyde 0- ( 4-amino-4- 
methyl eye lohexyl ) oxime bis ( trif luoro acetate ) obtained 
in Example 16-2 in a similar manner to that of Example 

7- 2 . 



X H -NMR (3 00MHz # CDC1 3 ) : S 1. 12(3X4/ 5H,s),l. 15(3X1/ 5H, 
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s), 1 . 37-1 . 80( 6H, m), 1.97(2H, br-s), 2 . 2 0 - 2 . 5 5 ( 1H , m) f 
2.70(lX4/5H, t, J=15.2Hz), 2.77(lXl/5H. t, J=15.5Hz), 
3.30-4.10(4H, m), 4.33(1H, br-s), 4.97(1 X 4/5H, d , 
J=9.3Hz), 5.08(lXl/5H f d , J=9.5Hz), 5.36(lXl/5H, br-d, 
J-51.0HZ). 5.44(lX4/5H / br-t, J=3.6, 51.5Hz), 7.88(1H, 
d, J=8.2Hz), 8.12(lH^d, J=8.2Hz), 8.15(1H, s), 8.84(1H, 
br-s ) . 

MS (ES+) : m/e 456.08. 
Example 17-1 

tert-Butyl 1 -methyl - 4 - { [ (IE) - 1 -( 3 - pyridinyl ) - 

ethyl i dene ] amino } oxy } eye lohexylcarbamate 

The title, compound was prepared from tert -butyl 
(trans - 4 -ami no oxy- 1 -methylcyclohexyl ) carbamate and 
3 -acetylpyridihe in a similar manner to that of Example 
12-1. 

1 U - NMR (300MHz, CDC1 3 ) : 6 : 1.36(3H, s), 1.45(9H ( s), 
1 . 66-1 . 90 ( 8H, m), 2.26(3H, s), 4.35(1H, br-s), 4.40(1H, 
br-s), 7.29(1H, dd, 3 = 4.7, 8.1Hz), 7.9.6(1H, ddd, J=1.7, 
2.4, 8 . 1Hz ) , 8 . 58 ( 1H, dd, J=l . 7 , 4 . 7Hz ), 8.87(1H, d, J = 2 . 4 
Hz ) . 

MS (ES+) : m/e 348 . 31 . 
Example 17-2 

( IE ) - 1 - ( 3 -pyridinyl ) ethanone 0- ( 4 - amino - 4 -me thy 1 - 

• cyclohexyl ) oxime 

To a cold stirred solution of tert-Butyl 
l-methyl-4-{ [ ( IE )- 1 - ( 3 - pyridinyl ) - ethylidene ] amino } ox 
y}cyclohexylcarbamate (50mg) in methanol (0.5mL), was 
added 4N HC1 solution in dioxane (l.OmL). The mixture 
was stirred for 2hrs , and alkalized with saturated aqueous 
NaHC0 3 , then extracted with chloroform. The combined 
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organic layer was dried and filtrated. The filtrate was 
concentrated in vacuo to provide the target compound as 
an oil ( 30mg ) . 

X H-NMR (3 00MHz, CDC1 3 ) : 6 1.17(3H, s) , 1.30-1. 80 (6 H f m), 
1.90-2.03(2H,m), 2.25(3H,* s) , 4.22-4.33(lH,m), 7.28(1H, 
dd, J=4.9, 8.2Hz), 7.97(1H, dd, J=2.0, 8,2Hz), 8.58(1H, 
dd, J=2.0, 4.9Hz), 8.87(1H, d, J=2.0Hz). 
MS (ES+) : m/e 248.23. 

Example 17-3 

( 2S , 4S) -4-Fluoro-l- ( { [ 1 -methyl- 4- ( { [ { IE) -1- ( 3-pyridin 
yl ) ethyl idene ] amino }oxy ) cyclohexyl ] amino} acetyl ) -2-py 
rrolidinecarbonitrile 

The title compound (40mg) was prepared from 
( 2S , 4S ) - 1 -chloroacetyl- 4 -f luoro- 2 -pyrrolidine carbon it 
rile obtained in Preparation 1-8 and 

( IE ) - 1 - ( 3 -pyridinyl ) ethanone 0- ( 4 - amino - 4 -methyl - 

cyclohexyl ) oxime obtained in Example 17-2 in a similar 
manner to that of Example 7-2. 

X H - NMR ( 30 0MHz, CDC1 3 ) :<? 1. 12(3X4/ 5H, s) , 1. 16(3X1/ 5H, 
s), 1 . 40-1 . 80 ( 6H, m) , 1.96(2H, br-s), 2 . 1 9 - 2 . 5 6 ( 1H , m ) , 
2.26(3H, s), 2.70(1X4/5H, t, J=15.3Hz), 2.76(lXl/5H, 
t, J«15.2Hz), 3 .30-4.12(4H, mj, 4.30(1H, br-s), 4.97(1 
X4/5H, d, J=9.2Hz), 5.12(lXl/5H, d, J=9 . 2Hz ) , 5.36(1 
X 1/5H, br-d, J=51.1Hz), 5.44(1 X4/5H, br-t, J=3.3, 
51.1Hz), 7.29(1H, ddd, J=0.9, 4.8, 8.1Hz), 7.97(1H, ddd, 
J=1.7, 2.2 8.1Hz), 8.58(1H, dd , J=1.7, 4.8Hz), 8.87(1H, 
dd, J = 0 . 9 , 2 . 2Hz ) . 
MS (ES-) m/e 402.23. 

Example 18-1 

tert -Butyl 1 -methyl- 4- ( { [ ( IE) - ( 6 -methyl - 2 -pyridinyl ) - 
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methylidene] amino }oxy ) cyclohexy 1 carbamate 

The title compound was prepared from tert-butyl 
(trans-4-aminooxy-l -me thy 1 cyclohexy 1 ) carbamate and 
6 -mehtyl- 2 -pyridinecarboxaldehyde in a similar manner to 
that of Example 12-1. 

X H-NMR (300MHz, CDC1 3 ) : 8 1.34(3H, s), 1.44(9H, s), 
1 . 62-1 . 90 ( 8H, m), 2.56(3H, s), 4.36(2H, br-s), 7.11(1H, 
br-d, J=7.5Hz), 7.57(1H, t, J=7.5Hz), 7.62(1H, br-d, 
J=7 . 5Hz ) , 8 . 16 ( 1H, s) . 
MS (ES+) : m/e 348.32. 

Example 18-2 

6-Methyl-2 - pyridinec arb aldehyde 0 - ( 4 -amino -4-methyl- 
cyclohexyl ) oxime bis ( trifluoro acetate } 

The title .compound (158mg) was prepared from 
text -butyl 1 -methyl- 4- ( { [ ( IE ) - ( 6 -me thyl - 2 - pyr idinyl ) - 
methylidene] amino }oxy ) cyclohexy 1 carbamate obtained in 
Example 18-1 in a similar manner to that of Example 7-1. 

Example 18-3 

( 2S, 4S) -4-Fluoro-l- ( { [ 1 -me thy 1 - 4 - ( { [ ( IE) - ( 6 -methyl- 2- 
pyr idinyl ) methylidene ] amino }oxy ) cyclohexy 1 ] amino} ace t 
yl ) -2 -pyrrolidinecarbo nit rile 

The title compound (85.5mg) was prepared from 
( 2S , 4S ) - 1 -chloroacetyl- 4 - f luoro- 2 -pyrrol idinecarboni t 
rile obtained in Preparation 1-8 and 

6 -methyl- 2 -pyridinecarbaldehyde 0- ( 4 - amino - 4 -methyl - 
cyclohexyl ) oxime bis ( t rif luoroacet ate ) obtained in 
Example 18-2 in a similar manner to that of Example 7-2. 

X H - NMR ( 30 0MHz, CDC1 3 ) :<5 1-11(3X4/ 5H,s),l. 15(3X1/ 5H, 
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s), 1.46(2H, br-s), 1 . 55-1 . 80 ( 4H, m), 1.96(2H, br-s), 
2.17-2.50(1H. m) , 2 . 57 ( 3H , s ) , 2.70(lX4/5H, t , J=15 . 8Hz ) , 
2.76(1 X 1/5H, t, J=14.7Hz). 3 . 3 0 - 4 . 1 5 ( 4 H , m), 
4.23-4.37(lH. m), 4.97(lX4/5H, d, J=9.3Hz), 5.12(lX 
5 1/5H, d, J=9.0Hz), 5.36(lXl/5H f br - d , . J = 5 1 . OH z ) , 5.44(1 
X 4/5H, br-t, J=3.5, 51.0Hz), 7.11(1H, d, J=7.7Hz), 
7.57(1H # t, J = 7.7Hz), 7.63(1H, t , J = 7.7Hz) # 8.16(1H. s). 
MS (ES+) : ffl/e 402.24. 

10 Example 19-1 

tert- Butyl 1 -methyl- 4- ( { [ ( IE ) - ( 3-'methyl-4-pyridinyl ) - 
methylidene ] amino }oxy) eye lohexyl carbamate 

The title compound (194mg) was prepared from 
15 tert-butyl ( trans - 4 -amino oxy- 1 -methyl eye lohexyl ) - 

carbamate and 3 -mehtyl - 4 -pyridinecarboxaldehyde in a 
similar manner to that of Example 12-1. 

X H-NMR (300MHz f CDC1 3 ) : 8 1.35(3H, s), 1.45(9H, s), 
20 1 . 60-1 . 92 ( 8H , m), 2.41(3H, s), 4.36(1H, br-s), 4.40(1H, 
br-s), 7.54(1H, d, J=5.1Hz), 8.27(1H,. s), 8.44(1H, d, 
J=5 . 1Hz ) , 8 . 46 ( 1H , s ) . 
. MS (ES+ ) : m/e 348 . 32 . 

25 Example 19-2 

3-Methylisonicotinaldehyde O- ( 4 -amino- 4 -methyl- 

cyclohexyl ) oxime bis ( trif luoroacetat e ) 

The title compound (121mg) was prepared from 
30 tert-butyl 1 -methyl- 4- ( { [ ( IE) - ( 3 -methyl - 4 - pyr idinyl ) - 
methylidene ] amino} oxy ) eye lohexyl carbamate obtained, in 
Example 19-1 in a similar manner to that of Example 7-1. 

Example 19-3 

35 ( 2S , 4S ) -4-Fluoro-l- ( { [ 1 -methyl - 4 - ( { [ ( IE ) - ( 3-methyl-4- 
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pyridinyl )methylidene] amino } oxy ) eye lohexyl ] amino} ace t 
yl ) -2-pyrrolidinecarbonitrile 

The title compound (48.2mg) was prepared from 
5 (2S,4S)-l-chloroacetyl-4 -fluoro - 2 - pyrrol id inecarboni t 
rile obtained in Preparation 1-8 and 

3 -met hylisonicotinaldehyde O - ( 4 -amino - 4 -methyl- 

cyc lohexyl )oxime bis(trifluoroacetate) obtained in 
Example 19-2 in a similar manner to that of Example 7-2. 

10 

1 H-NMR (3 00MHz . CDC1 3 ) : <5 1. 1 2(3X4/ 5H,s),l. 16(3X1/ 5H, 
s), 1 .36-1 . 80(6H, m), 1.98(2H, br-s), 2 . 2 0 - 2 . 5 6 ( 1H , m), 
2.40(3H, s), 2.70(1X4/5H, t, J=16.4Hz), 2 . 77 (IX 1/5H, 
t, J=14.9Hz) # 3.30-4. 10(4H ff mj, 4.31(1H, br-s), 4.97(1 
15 X4/5H, d, J = 9.2Hz), 5.09(lXl/5H, d, J=8 . 6Hz ) , 5.36(1 
X 1/5H, br-d, J=51.7Hz) ; 5.44(1 X 4/5H # br-d, J=3.5, 
51.1Hz), 7.54(1H, d, J=5.0Hz), 8.28(1H, s), 8.43(1H, d, 
J=5 . 0Hz ) , 8 . 45 ( 1H , s ) . 
MS (ES+) : m/e 402.25. 

20 

Example 20-1 

tert- Butyl 1 -methyl- 4- ({[(lE)-(l, 3- thiazol - 2 -yl ) - 

me thyli dene ] amino } oxy ) eye lohexyl carbamate 

25 The title compound (208mg) was prepared from 

tert-butyl [trans-4-( amino oxy ) - 1 -methyl eye lohexyl ] - 
carbamate and 2 - thiazolecarboxaldehyde in a similar 
manner to that of Example 12-1. 

30 X H -NMR (300MHz, CDC1 3 ) : 6 1.34(3H, s), 1.45(9H, s), 
1 . 60- 1 . 90 ( 8H, m) , 4.36(2H, br-s), 7.32(1H, dd , J = 0.9, 
3.1Hz), 7.86(1H, d, J=3.1Hz), 8.32(1H, d, J=0.9Hz). 
MS (ES+) : m/e 340.21. 

35 Example 20-2 
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1 , 3-Thiazole-2-carbaldehyde 0- ( 4 - amino - 4 -methyl - 

cyclohexyl ) oxime bis (trifluoro acetate) 

The title compound (138mg) was prepared from 
tert- butyl 1 -methyl -4 - ( { [ ( IE) - ( 1 ,3 - thiazo 1 - 2 -y 1 ) - 

methylidene] amino }oxy ) cyclohexyl carbamate obtained in 
Example 20-1 in a similar manner to that of Example 7-1. 

Example 2 0-3 

( 2S , 4S ) - 4 -Fluor o- 1- ( { [ 1 - methyl - 4 - ( { [ (IE) - ( 1 , 3-thiazol 
- 2 -yl ) methylidene ] amino }oxy ) cyclohexyl ] amino } acetyl ) - 
2 -pyrrolidinecarbonitrile 

The title compound (12.4mg) was prepared from 
( 2S , 4S) - 1 -chloro acetyl- 4 -f luoro - 2 -pyrroli dine car bonit 
rile obtained in Preparation 1-8 and 

1 , 3-thiazole-2-carbaldehyde O- ( 4 -amino -4 -methyl - 

cyclohexyl ) oxime bis ( tr if luoro ace t at e ) obtained in 
Example 20-2 in a similar manner to that of Example 7-2, 

1 H-NMR ( 30 0MHz, CDC1 3 ) : 8 1. 12(3X4/ 5H s ) , 1 . 16 ( 3 X 1/5H, 
s), 1.38-1.80(6H V m) f 1.97(2H, br-s), 2 . 2 0 - 2 . 5 7 ( 1H , m), 
2.70(lX4/5H, t, J=15.5Hz), 2 . 7 7 ( 1.X 1 / 5 H , t, J=15.2Hz), 
3.30-4.10(4H, m), 4.31(1H, br-s), 4.97(1 X 4/5H, d, 
J=9.0Hz), 5.09(1X1/5H, d, J=9-0Hz), 5.36(lXl/5H, br-d, 
J=51.5Hz), 5.44(1X4/5H, br-d, J=51.5Hz), 7.32(1H, d, 
J=3.2Hz), 7.86(1H, d, J=3.2Hz), 8.32(1H, s). 
MS (ES+) : m/e 394.10. 

Example 21-1 

tert -Butyl trans - 4- [ ( cyclohexyl ideneamino ) oxy ] -1- 

me t hy Icy clohexyl carbamate 

The title compound (81.5mg) was prepared from 
tert -butyl ( trans - 4 - aminooxy- 1 -me thy Icy clohexyl ) - 
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carbamate and cyclohexanone in a similar manner to that 
of Example 12-1. 

'H-NMR (300MHz, CDC1 3 ) : 8 1.33(3H, s), 1.44(9H, s), 
1.55-1.85(14H, m), 2.20(2H, br-t, J=6.3Hz), 2.48(2H, 
br-s), 4.14(1H. br-s) , 4.38(1H, br-s) . 
MS (ES+) : m/e 325 . 33 . 

Example 21-2 

Cyclohexanone 0 - ( 4 - amino - 4 -methylcyclohexyl ) oxime 

To tert -butyl { trans - 4 - [ ( cyclohexylideneamino ) - 
oxy] -l-methylcyclohexyl}carbamate obtained in Example 
21-1 (81.5mg), was added trif luoroacet ic acid (0.5mL) at 
room temperature for lOmin. The mixture was alkalized 
with saturated aqueous NaHC0 3 , then extracted with 
chloroform. The combined organic layer was dried and 
filtrated. The filtrate was concentrated in vacuo to 
provide the target compound as an oil (70.7mg). 

1 H-NMR (300MHz, CDC1 3 ) : 6 1.31(3H, s), 1 . 4 5 - 2 . 0 5 ( 1 4H , 
m), 2.19(2H, t, J = 6.4Hz), 2 . 4 5 ( 2H , br - s ) , 4. 05(1H, br-s). 

Example 21-3 

(2S,4S)-l-[({4-[ (Cyclohexylideneamino) oxy] -1 -me thy Icy 
clohexyl} amino ) acetyl ] -4 -f luoro- 2 -pyrrolidinecarbonit 
rile 

The title compound (26.3mg) was prepared from 
{ 2S , 4S ) - 1 -chloroacetyl- 4 -f luoro- 2 -pyrrolidinecarbonit 
rile obtained in Preparation 1-8 and cyclohexanone 
0- ( 4 - amino - 4 - methylcyclohexyl ) oxime obtained in Example 
21-2 in a similar manner to that of Example 7-2. 



l H-NMR (30 0MHz, CDC1 3 ) :<5 1. 10(3X4/ 5H,s),l. 13(3X1/ 5H. 
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s), 1 . 33- 1 . 48 ( 2H , m), 1 . 5 0 - 1 . 7 2 ( 1 OH , m ) , 1 . 8 2 - 1 . 9 8 ( 2H , 
m), 2 . 18-2 . 58 ( 1H, m ) , 2.20(2H, br - t , J= 6 . OH z ) , 2.48(2H, 
br-s), 2.69(1 X 4/5H, t, J = 15.6Hz), 2.75(1 X 1/5H, t , 
J=15.6Hz), 3.28-4.05(4H, m), 4.07(1H, br-s), 4.96(lX 
5 4/5H, d, J=9.4Hz), 5.16(lXl/5H, d, J=9.4Hz), 5.35(lX 
1/5H, br-d, J=51.5Hz) f 5.43(lX4/5H, br-d, J=51.5Hz). 
MS (ES+) : m/e 379.24. 

Example 22-1 

10 tert-Butyl l-methyl-4-{ [( 1 -me thy let hyli dene ) amino ] - 
oxy } eye lohexyl carbamate 

The title compound (72mg) was prepared from 
tert- butyl ( trans - 4 - amino oxy- 1 -me thylcyclohexyl ) - 

15 carbamate and acetone in a similar manner to that of Example 
12-1. 

l H-NMR (300MHz, CDC1 3 ) : 6 1.33(3H, s), 1.44(9H, s) # 
1.60-1. 85 (8H, m), 1.87(3H, s), 1.88(3H, s), 4 . 14 ( 1H, br-s), 
20 4 . 37 ( 1H , br-s ) . 

MS ( ES+ ) : m/e 285.32. 

Example 22-2 

Acetone O- ( 4 -amino -4 -me thylcyclohexyl )oxime 

25 

The title compound (33.2mg) was prepared from 
tert -butyl l-methyl-4-{ [ ( 1 -me thy let hyli dene ) amino ] - 
oxy }cyclohexylcarbamate obtained in Example 22-1 in a 
similar manner to that of Example 17-2. 

30 

X H - NMR (300MHz, CDC1 3 ) : <5 1.14(3H, s), 1.15-1.48(4H, m), 
1 . 50-1 . 76 ( 4H, m), 1.86(3H, s), 1.87(3H, s), 4.07(1H, 
br-s ) - 

MS (ES+) : m/e 185.13. 

35 
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Example 22-3 

(2S,4S)-4-Fluoro-l-{ [ ( 1 -me thy 1 - 4 - { [ ( l -met hylethyliden 
e ) amino ] oxy Jcyclohexyl )amino]acetyl}- 2 -pyrrol i dine car 
bonitrile 

The title compound (30-6mg) was prepared from 
( 2S, 4S) -l-chloroacetyl-4-f luoro-2- pyrrolidinecarbonit 
rile obtained in Preparation 1-8 and acetone 
0 - ( 4 - amino - 4 - me thylcyclohexy 1 ) oxime obtained in Example 
22-2 in a similar manner to that of Example 7-2. 

X H-NMR (30 0MHz , CDC1 3 ) : 8 1.10(3X4/ 5H,s), 1. 15(3X1/ 5H, 
s) , 1.32-1.48(2H, m) , 1 . 5 0 - 1 . 7 0 ( 4H , m) , 1 . 7 2 - 2 . 0 0 ( 2H , m), 
1 . 86 ( 3H, s ) , 1 . 87 ( 3H, s ) , 2,18-2. 56(lH f m) # 2.69(lX4/5H, 
t, J = 15 . 0Hz ) , 2 . 75 ( 1 X 1/5H, t, J=15.3Hz), 3 . 3 0 - 4 . 1 0 ( 4 H , 
m), 4.08(1H, br-s), 4.97(lX4/5H, d. J=9.5Hz), 5.16(1 
X 1/5H, d, J = 9 . 5Hz ) , 5.35(lXl/5H, br-d, J=5 0 . 9Hz ) , 5.43(1 
X4/5H, br-d, J«51.5Hz). 
MS (ES+) m/e 339.24. 

Example 23-1 

tert- Butyl 1 -methyl- 4- ( { [ ( IE ) - 2 - thienylmethylidene ] - 
amino } oxy ) eye 1 oh exyl carbamate 

The title compound (64.8mg) was prepared from 
tert -butyl (trans-4-aminooxy- 1 -me thy Icy cl oh exyl ) - 

carbamate and 2-thiophenecarboxaldehyde in a similar 
manner to that of Example 12-1. 

2 H -NMR (300MHz, CDC1 3 ) \ 6 1.34(3H f s) f 1.44(9H, s), 
1.60-2.00(8H, m) , 4.28(1H, br-s), 4.38(1H, br-s), 7.03(1H, 
dd, J=3.7, 5.1Hz), 7.16(1H, .d , J=3.7Hz), 7.30(1H, d, 
J=5.1Hz), 8.25(1H, s). 
MS (ES+) : m/e 339.20. 
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Example 23-2 

2 -Thiophenecarb aldehyde 0- ( 4 - amino - 4 -methyl - 

cyclohexyl ) oxime 

The title compound (34.5mg) was prepared from 
tert -butyl 1 -methyl- 4- ( { [ ( IE) - 2 - thienylme thy lidene ] - 
aminojoxy ) cyclohexylcarbamat e obtained in Example 23-1 
in a similar manner to that of Example 17-2. 

Example 23-3 

( 2S, 4S ) -4-Fluoro-l- ( { [ 1 -methyl- 4- ( { [ ( IE) - 2 - thienylmet 
hylidene ] aminojoxy) cyclohexyl ] amino} acetyl ) -2 -pyrroli 
dinecarbonitrile hydrochloride 

To a stirred solution of 2 - thiophenec'arbaldehyde 
0- ( trans - 4 - amino- 4 -methyl cyclohexyl ) oxime obtained in 
. Example 23-2 ( 34 . Img ) in dime thy If ormamide ( 1 . 5mL ) , were 
added K 2 C0 3 ( 37 . 7mg), ( 2S , 4 S ) - 1 - chloroacety 1 - 4 - f luoro - 
2 -pyrrolidinecarbonitrile obtained in Preparation 1-8 
(26.0mg) and sodium iodide (Img). 

The mixture was stirred for 5hrs at 50°C and diluted 
with water. The aqueous layer was extracted with ethyl 
acetate. The organic layer was washed with saturated 
aqueous NaCl, dried, and concentrated in vacuo. The 
residue was dissolved to ethyl acetate, then added 4M HC1 
in dioxane (30HL). The precipitate was filtrated , then 
washed with ethyl acetate to provide the target compound 
as a white solid (22.5mg). 

*H - NMR ( 300MHz, CDC1 3 ) : 6 1.36(3H, s), 1 . 40 - 1 . 6 5 ( 2H , m), 
1.70-2.17(6H. m), 2 . 3 5 - 2 . 6 0 ( 2H , m), 3.36(2H, s), 
3.68-4.29 ( 4H, m), 5.09 ( 1H , d, J = 8 . 3Hz ) , 5.58(1H, br-d, 
J=52.2Hz), 7.17(1H, dd, J=3.7, 5.0Hz), 7.55(1H, d, 
J=3.7Hz), 7.82(1H, d, J=5.0Hz), 8.96(2H, bf-s). 
MS (ES+) : m/e 393.17. 
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Example 24-1 



tert-Butyl 



1 -methyl- 4 - ( { [ ( IE ) - phenylmethy lidene ] - 



10 



15 



20 



25 



30 



amino }oxy ) eye lohexyl carbamate 

The title compound (314mg) was prepared from 



carbamate and benzaldehyde in a similar manner to that 
of Example 12-1. 

X H-NMR (300MHz, CDC1 3 ) :. 8 1.35(3H, s), 1.45(9H, s), 
1.50-2.20(8H, m), 4.31(1H, br-s), 4.39(1H, br-s), 
7 . 33-7 . 40 ( 3H , m) # 7 . 6 2 - 7 . 5 5 ( 2H , m), 8.10(1H, s). 
MS ( ES+ ) : m/e 333.26. 

Example 24-2 

Benzaldehyde O- ( 4 - amino- 4 -me thy Icy c lohexyl )oxime 

The title compound (206mg) was prepared from 
. tert -butyl 1 -methyl- 4- ( { [ ( IE) - phenylme thy lidene ] - 

amino }oxy ) cyclohexylcarbamat e obtained in Example 24-1 
in a similar manner to that of Example 17-2. 

^"H-NMR ( 300MHz, CDC1 3 ) : <5 1.16(3H, s), 1 . 3 0 - 1 . 4 3 ( 2H , m ) , 
1 . 58-1 . 80 ( 4H, m), 1 . 8 6 - 2 . 0 4 ( 2H , m), 4 . 1 8 - 4 . 3 0 ( 1H , m ) , 
7 • 30-7 . 42 ( 3H, m), 7 . 5 2 - 7 - 6 4 (2H , m), 8.09 (1H, s). 
MS (ES+) : m/e 233,32. 

Example 24-3 

(2S,4S) -4-Fluoro-l- ( { [ 1 -methyl - 4 -( { [ ( IE ) -phenylmethyl 
idene ] amino }oxy ) eye lohexyl ] amino} acetyl) - 2 -pyrrol i din 
ecarbonitrile 

The title compound (92.3mg) was prepared from 
( 2S , 4S ) - l-chloroacetyl-4 - f luoro- 2 -pyrrolidinecarbonit 
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rile obtained in Preparation 1-8 and benzaldehyde 
0 - (4-amino- 4-methylcyclohexyl) ox ime obtained in Example 
24-2 in a similar manner to that of Example 7-2. 

X H-NMR ( 3 00MHz , CDC1 3 ) : 6 1.12(3X5/4H f s), 1. 15 ( 3 X 1/5H, 
s), 1.39-1.52(2H, m), 1 . 5 2 - 1 . 4 9 ( 4H , m), 1.97(2H, br-s), 
2 . 19 -2 . 56 ( 1H , m), 2.69(lX4/5H, t, J=15.7Hz), 2.76(lX 
1/5H, t, J=15.7Hz), 3. 28-4 . 12 (4H f m), 4.26(1H, br-s), 
4.97(lX4/5H / d, J=9;lHz), 5.13(lXl/5H f d, J=9.0Hz), 
5.36(lXl/5H, br-dt , J = 3 . 4 , 51.3Hz), 5.44(lX4/5H, br-dt , 
J=3.4, 51.1Hz). 7 . 33-7 . 43 ( 3H, m), 7 . 5 4 - 7 . 6 3 ( 2 H , m), 
8.09(1H, s) . 
MS (ES+) : m/e 387.18. 

Example 25-1 

tert -Butyl 1 -methyl-4- ( { [ ( IE ) - 1 -phenylethylidene ] - 

amino }oxy ) eye lohexyl carbamate 

The title compound (222mg) was prepared from 
tert -butyl (trans-4-aminooxy-l -methyl eye lohexyl ) - 

carbamate and acetophenone in a similar manner to that 
of Example 12-1. 

X H - NMR (300MHz, CDC1 3 ) : 6 1.36(3H, s), 1.45(9H, s), 
1.62-1. 90(8H, m) , 2.25(3H, s), 4.34(1H, br-t, J=4.5Hz), 
4.40(1H, br-s), 7.32-7.41(3H,' m), 7 . 6 0 - 7 . 6 9 ( 2H , m. 
MS (ES+) m/e 347 . 2.7. 

Example 25-2 

(IE) -1-Phenylethanone O- ( 4 -amino -4 -methyl eye lohexyl ) - 
oxime 

The title compound (68.5mg) was prepared from 
tert -butyl 1 -methyl- 4- ( { [ ( IE ) - 1 -phenylethy lidene ] - 

amino}oxy ) cyclohexylcarbamate obtained in Example 25-1 
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in a similar manner to that of Example 17-2. 

X H - NMR ( 300MHz, CDC1 3 ) : $ 1.17(3H, s), 1 . 3 2 - 1 . 4 5 ( 2H , m), 
1 . 56-1 . 80 ( 4H, m), 1 . 9 0 - 2 . 0 4 ( 2H , m), 2.24(3H, s), 
4 . 20-4 . 32 ( 1H, m), 7 . 3 0 - 7 . 4 0 ( 3H ., m), 7 . 6 0 - 7 . 7 0 ( 2 H , m). 
MS (ES+ ) : m/e 247.24. 

Example 25-3 

( 2S, 4S ) -4-Fluoro-l- ( { [ l-methyl-4- ( { [ ( IE) - 1 - pheny le thy 
lidene ] amino }oxy) cyclohexyl ]amino}acetyl) -2-pyrrolidi 
necarbonitrile 

The title compound (58.7mg) was prepared from 
(2S / 4S)-l-chloro acetyl- 4 -f luoro - 2 -pyrrol idinecarbonit 
rile obtained in Preparation 1-8 and 

(lE)-l-phenylethanone 0-(4-amino-4 -methyl cyclohexyl ) - 
oxime obtained in Example 25-2 in a similar manner to that 
of Example 7 - 2 . 

'H-NMR ( 3 00MHz, CDC1 3 ) : 6 1 . 12 ( 3 X4/5H, s) , 1. 16( 3X1/5H, 
s), 1 . 30-1 . 80 ( 6H, m), 1.96(2H, br-s), 2 . 1 5 - 2 . 5 5 ( 1H , m ) , 
2.25(3H, s), 2.69(1X4/5H, t, J=15.7Hz), 2.76(lXl/5H, 
t, J=15.7Hz), 3.31-4.40(4H, m), 4.28(1H, br-s), 4.97(1 
X4/5H, d, J=9.0Hz) # 5.15(1X1/5H, d, J=9.0Hz), 5.35(1 
X 1/5H, br-d, J = 51.1Hz), 5.44(1 X 4/5.H, br-t, J = 3.7, 
51.5Hz), 7 . 32-7 . 40 ( 3H, m), 7 . 6 0 - 7 . 7 0 ( 2 H , m). 
MS (ES+). : m/e 401 . 28. 

Example 2 6-1 

tert -Butyl l-methyl-4 - (.{ [ ( IE) - 5 -pyrimidinyl- 

methylidene ] amino }oxy ) cyclohexyl carbamate 

The title compound (84.8mg) was prepared from 
tert -butyl (trans - 4 -aminooxy - 1 -methyl cyclohexyl ) - 

carbamate and 5 -pyrimidinecarbaldehyde in a similar 
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manner to that of Example 12-1. 

X H-NMR (300MHz, CDC1 3 ) : 6 1.35(3H, s) f 1.45(9H, s), 
1.61-1.92(8H, m), 4.36(2H, br-s) f 8.07(1H, s), 8.92(2H, 
5 s), 9.18(lH f s). 

MS (ES+) m/e 335.23. 

Example 26-2 

5 -Pyrimidinecarbaldehyde 0- ( 4 - amino - 4 -methyl - 

10 cyclohexyl ) oxime bis ( trif luoroacet at e ) 

The title compound (147mg) was prepared from 
tert- butyl 1 -methyl- 4- ( { [ { IE) -5-pyrimidinyl- 

methylidene ] amino } oxy ) cyclohexylcarbamate obtained in 
15 Example 26^1 in a similar manner to that of Example 7-1. 

Example 26-3 

(2S,4S)-4-Fluoro-l-({ [ 1 -me thyl - 4 - ( { [ ( IE ) - 5 - pyr imidiny 
lmethylidene ] amino } oxy ) eye lohexyl ] amino } acetyl ) - 2 -pyr 
20 rolidinecarbonitrile 

The title compound (22.4mg) was prepared from 
(2S , 4S) - 1 -chloro acetyl- 4 -f luoro - 2 -pyrrolidinecarbonit 
rile obtained in Preparation 1-8 and 

25 5 -pyrimidinecarbaldehyde 0- ( 4 - amino - 4 -methyl - 

cyclohexyl ) oxime bis ( trif luoroacet at e ) obtained in 
Example 26-2 in a similar manner to that of Example 7-2. 

"H-NMR ( 30 0MHz, CDC1 3 ) : 6 1. 12(3X4/ 5H,s),l. 15(3X1/ 5H, 
30 s), 1.40-1.80(6H, m), 1.97(2H, br-s), 2 . 1 8 - 2 • 60 ( 1H , m) , 
2.70(1X4/5H, t, J=15.6Hz), 2.77(lXl/5H, t., J=15.6Hz), 
3.30-4.09(4H, m), 4.32(1H, br-s), 4.96(1 X4/5H, d, 
J=9.4Hz), 5.08(1X1/5H, d, J=9.4Hz), 5.36(lXl/5H, br-d, 
J=51.5Hz), 5.45(1X4/5H, br-d, J=50.5Hz), 8.06(1H, s), 
35 8.92(2H, s), 9.18(1H, s). 
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MS ( ES+ ) : m/e 389.18. 
Example 27-1 

tert-Butyl 4-[( eye lopentylideneami.no ) oxy ] - 1 -methyl - 
cyclohexylcarbamate 

The title compound (304mg) was prepared from 
tert -butyl (trans- 4 -amino oxy- 1 -me thylcyclohexy 1 ) - 

carbamate and cy clopent anone in a similar manner to that 
of Example 12 - 1 . 

*H -NMR (300MHz, CDC1 3 ) : 6 1.33(3H. s), 1.43(9H, s), 
1 . 60-1 . 83 ( 12H , m). 2 . 32-2 . 44 ( 4H, m), 4.14(1H, br-s), 
4 . 37 (1H, br-s ) . 
MS (ES+) : m/e 311.28. 

Example 27-2 

Cy clopent anone 0-(4- amino- 4 -me thylcyclohexy 1 ) oxime 

The title compound (137mg) was prepared from 
tert-butyl 4- [ ( cyclopentylideneamino ) oxy ] -1-methyl- 
cyclohexylcarbamat e obtained in Example 27-1 in a similar 
manner to that of Example 17-2. 

X H-NMR ( 3 0 0MHz , CDC1 3 ) : 6 1.15(3H,s),1.24-1.40(2H,m), 

1 . 44-1 . 68 ( 4H, m) , 1 . 6 8 - 1 . 8 0 ( 4H , m), 1 . 82 - 1 • 9 6 ( 2H , m.) , 

2 . 30-2 . 44 ( 4H, m), 4 . 01 - 4 . 12 ( 1H , m). 
MS (ES+) : m/e 211.21. 

Example 27-3 

(2S,4S)-l-[({4-[( Cyclopentylideneamino ) oxy] -1-methylc 
yclohexyl } amino ) acetyl ] -4 -f luoro-2 -pyrrolidinecarboni 
trile 

The title compound (15mg) was prepared from 
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(2S,4S)-l-chloroacetyl-4 - f luoro- 2 -pyrrolidinecarboni t 
rile obtained in Preparation 1-8 and cyclopent anone 
0- ( 4 -amino -4 -me thylcyclohexyl ) oxime obtained in Example 
27-2 in a similar manner to that of Example 7-2. 

1 H - NMR (3 00MHz, CDC1 3 ) id l.ll(3X4/5H,s),1.14(3Xl/5H, 
s) , 1.35-1.50(2H,m), 1.50-1.69(4H,m), 1 . 69-1 . 80 ( 4H , m), 
1.83-1.97(2H, m), 2 . 1 9 - 2 . 4 2 ( 5H , m), 2.69(1X4/5H, t, 
J=16.0Hz), 2.75(1X1/5H, t, J=16.1Hz), 3 . 3 0 - 4 . 0 2 ( 4 H , m) , 
4.08(1H, br-s), 4.95{lX4/5H, d, J=9.7Hz), 5.15(lXl/ 5 H, 
d, J = 9.5Hz) , 5. 35(1X1/ 5H, br-d, J= 52.1 Hz) , 5. 43(1X4/ 5H, 
br-dt , J=3 . 5 , 51 . 5Hz ) . 
MS (ES+) : m/e 365.24. 

Example 28-1 

tert -Butyl 4-{ [ ( 1 - ethylpropy lidene ) amino ] oxy }- 1 - 

me thylcyclohexyl carbamate 

The title compound (121mg) was prepared from 
tert -butyl ( trans -4 -aminooxy- 1 -me thylcyclohexyl ) - 

carbamate and 3-pentanone in a similar manner to that of 
Example 12-1. 

*H - NMR (3 00MHz, CDC1 3 ) : 6 1.07(3H, t, J=7.7Hz) , 1.08(3H, 
t, J=7.5Hz), 1.33(3H, s), 1.44(9H, s), 1 . 5 8 - 1 . 9 9 ( 8H , m), 
2. 19 (2H, q, J=7 . 5Hz) , 2 . 31 (2H, q, J = 7 . 7Hz ) , 4 . 13 ( 1H, br-s) , 
4 • 37 ( 1H, br-s ) . 
MS (ES+) : m/e 313.28. 

Example 28-2 

3 -Pent anone 0- ( 4 -amino- 4 -me thylcyclohexyl ) oxime 

The title compound (74.4mg) was prepared from 
tert -butyl 4-{ [ ( 1 -ethylpropylidene ) amino ] oxy }~ 1 - 

methylcyclohexylcarbamate obtained in Example 28-1 in a 
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similar manner . to that of Example 17-2. 

X H-NMR (3 00MHz, CDC1 3 ) : 6 1.06(3H, t, J = 7.7Hz) , 1.08(3H, 
t, J = 7 . 5Hz ) , 1 . 13 ( 3H, s), 1.20-1.70( 8H,m), 1.80-1. 93 (2H, 
m), 2.19(2H. q, J=7.5Hz), 2.32(2H, q, J=7.7Hz), 
4 . 00-4 . 12 ( 1H , m) . 
MS (ES+) : m/e 213.19. 

Example .28-3 

(2S,4S)-l-{[(4-{[( 1 -Ethylpropylidene ) amino ] oxy } - 1 -met 
hylcyclohexyl ) amino ] acetyl }-4-fluoro- 2 -pyrrolidine car 
bonitrile 

The title compound (60.5mg) was prepared from 
( 2S , 4S ) -1 -chloroacetyl-4-f luoro- 2 -pyrrolidine carbon it 
rile obtained in Preparation 1-8 and 3-pentanone 
0-(4-amino-4 - me thylcyclohexy 1 )oxime obtained in Example 
28-2 in a similar manner to that of Example 7-2. 

X H -NMR (300MHz , CDC1 3 ) : <? 1 . 07 ( 3H , t, J = 7 . 7Hz ) , 1 . 08 ( 3H, 
t, J=7.5Hz), 1.09(3 X 4/5H, s). 1.13(3 X 1/5H, s), 
1.33-1.48(2H, m), 1 . 5 0 - 1 . 6 8 ( 4 H , m), 1 . 7 8 - 1 . 9 6 ( 2 H , m), 
2 . 13-2 . 57 ( 1H, m) # 2.19(2H, q, J=7.5Hz), 2.32(2H, q, 
J=7.7Hz), 2.69(1X4/5H, t, J=15.6Hz), 2.75(lXl/5H, t, 
J=15.9Hz), 3.27-4.13(5H, m), 4.96(lX4/5H, d, J=9.4Hz), 
5.15(1X1/5H, d, J=9.4Hz), 5.35(lXl/5H f br-d, J=51.1Hz), 
5 . 43 ( 1 X 4/5H , br-t # J = 3.3, 51.1Hz). 
MS (ES+) : m/e 367.32. 

Example 29-1 

tert- Butyl 1 -methyl- 4- ( { [ ( IE) - 2 -pyridinyl- 

methylidene ] amino} oxy ) eye lohexyl carbamate 

The title compound (436mg) was prepared from 
tert -butyl (trans - 4 -amino oxy- 1 -methyl eye lohexyl ) - 
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carbamate and 2 -pyridinecarboxaldehyde in a similar 
manner to that of Example 12-1. 



Example 29-2 

2 -Pyridinecarboxaldehyde 
cyclohexyl ) oxime 



0- ( 4 -amino -4 -methyl - 



The title compound is prepared from tert-butyl 

1 - methyl- 4- ( { [ ( IE ) - 2 -pyridinyl -methyl i dene ] amino }oxy) 
cyclohexylcarbamate obtained in Example 29-1 in a similar 
manner to that of Example 17-2. 

Example 29-3 

(2S,4S)-l-{[(4-{[( 2-pyridinylmethylidene ) amino ] oxy } - 1 
-methylcyclohexyl ) amino ] acetyl } - 4 -f luoro- 2 -pyrrol id in 
ecarbonitrile 

The title compound is prepared from 
( 2S f 4S ) -1 -chloroacetyl-4-f luoro-2 -pyrrolidinecarbonit 
rile obtained in Preparation 1-8 and 

2 - pyridinecarboxaldehyde O- ( 4 - amino - 4 -me thy 1 - 
cyclohexyl ) oxime obtained in Example 29-2 in a similar 
manner to that of Example 7-2. 

Example 30-1 

Nicotinaldehyde O- ( 4 -amino - 4 -methylcyclohexyl ) oxime 

The title compound (171mg) was prepared from 
tert-butyl 1 -methyl -4-({[(lE)-3- pyridiny 1 - 

methylidene ] aminojoxy) cyclohexylcarbamate in a similar 
manner to that of Example 17-2. 

MS (ESI+) : m/z 234.19 (M+H).. 

Example 30-2 
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(2S,4S)-l-{[(4-{[( 3 - pyridinylmethyli dene) amino] oxy }- 1 
-methylcyclohexyl )amino]acetyl}- 4 -f luoro- 2 - pyrrol idin 
ecarbonitrile 

The title compound is prepared from 
(2S, 4S) -l-chloroacetyl-4 - f luoro - 2 - pyrrol i dine car bonit 
rile obtained in Preparation 1-8 and nicot inaldehyde 
0- ( 4 -amino- 4 -me thy 1 -cyclohexy 1 ) oxime obtained in 
Example 30-1 in a similar manner to that of Example 7-2. 
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In order to illustrate the usefulness of the object 
Compound (I), the pharmacological test is carried out as 
shown in the following. 

[A] Inhibition test of human plasma DPP-IV : 
(i) Material and Method : 

The effect of test compounds on DPP-IV activity in 
human plasma was evaluated with a modified version of the 
assay described by Hughes et al (Biochemistry, 38, 
pp 11597-1160 3 (1999)). 

Briefly, 20/iL of human plasma were mixed with 20 
ML of 8 0mM MgCl 2 in assay buffer ( 2 5mM HE PES , 14 0mM NaCl , 
1% RIA-grade BSA, pH7.8), and were incubated in a room 
temperature for 60min. Then the reaction was initiated 
by the addition of both 20ML of test compounds and 20 
A L of 0.2mM substrate (H-glycine-proline-AMC ; AMC is 
7-amino-4-methylcoumarine ) , they were dissolved in the 
assay buffer. 

After 20min incubation in a room temperature (kept 
in the dark ) , fluorescence was measured (Excitation 380 nm. 
Emission 460nm) . A f luorescence - concent rat ion curve of 
free AMC was obtained using AMC solution in the assay buffer 
with appropriate concentration. Plasma DPP-IV 

activities, with or without the test compounds, were 
expressed as the amount of product per minute per mL , The 
potency of the test compounds as DPP-IV inhibitor was 
expressed as IC 50 . 

(ii) Results : 

The following IC 50 values were obtained. 
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Table 1 



Compound 


IC S o value for human plasma DPP-IV (nM) 


Example 1-6 


14 


Example 12-3 


19 


Example 22-3 


21 


Example 26-3 


18 


LAF 237 


24 



It appeared, fromthe above-mentioned Inhibition test., 
that the compound* (I) and (1) or pharmaceut ically 
acceptable salts thereof of the present invention have 
an inhibiting activity against DPP-IV. 

Therefore, the compound (I) and (1) or 
pharmaceutically acceptable salts thereof are useful for 
treating or preventing disease mediated by DPP-IV , more 
particularly useful for treating or preventing altered 
glucose tolerance, glucosuria, hyper lipidemia , 
metabolic acidosis, diabetes mellitus (IDDM and NIDDM ) , 
diabetic neuropathy , nephropathy, and secondary diseases 
in mammals caused by diabetes mellitus. 

Further, the compound (I) and (1) or pharmaceut ically 
acceptable salts thereof are useful for treating or 
preventing autoimmune disease, arthritis, rejection of 
transplanted organs, systemic lupus erythematosus (SLE) , 
acquired immunodeficiency syndrome (AIDS) , hypertension, 
atherosclerosis, gallbladder disease, cancer, 
intestinal disease and dwarfism. 

The patents, patent applications and publications 
cited herein are incorporated by reference. 

This application is based on Australian Provisional 
Application No . 2003902260 filed on May 9, 2003, the 
contents of which are hereby incorporated by references. 
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CLAIMS 

1. A compound of the formula (I) or pharmaceut ically 
acceptable salt thereof. 




(i) 

[ wherein 

X is CFH , or CF 2/ 

R 1 is the moiety represented by the formula 



[wherein R 2 is ( lower ) alkyl 

R 3 is cycloalkyl, aryl -( lower ) alky 1 (which 
may have 1 to 3 subst ituent ( s ) selected from the group 
described later on the , aryl group) , or 
heteroaryl- ( lower ) alkyl (which . may have 1 to 3 
subst ituent ( s ) selected from the group described later 
on the heteroaryl group) ] r or 



R 6 ' 

the moiety represented by the formula: 

[wherein R 4 is ( lower ) alkyl , 

R 5 is hydrogen, or ( lower ) alkyl , 
R 6 is ( lower ) alkyl , cycloalkyl, aryl (which 
may have 1 to 3 subs tituent ( s ) selected from the group 
described later), or heteroaryl (which may have 1 to 3 
substituent (s ) selected from the group described later) , 
and 

R 5 

rA-''' 

the partial structure: *' may form 

cycloalkylidene ] , 

the "substituent (s) " is (are) selected from the group 
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consisting of ( lower ) alkyl , halogenated- ( lower ) alkyl , 
( lower)alkoxy , aryloxy, halogen, cyano, nitro, amino and 
hydroxy] 

2. A compound of the formula (II) or pharmaceut ically 
acceptable salt thereof. 



[wherein 

X is CFH , or CF 2 , 
• R* is ( lower ) alkyl , 

R 3 is cycloalkyl, aryl- (lower ) alky 1 (which may have 
1 to 3 substituent ( s ) selected from the group described 
later on the aryl group), or heteroaryl -( lower ) alkyl 
(which may have 1 to 3 subs tituent ( s ) selected from the 
group described later on the heterdaryl group), 

the "substituent ( s ) " is ( are ) selected from the group 
consisting of ( lower ) alkyl , halogenated- ( lower ) alkyl , 
(lower)alkoxy, aryloxy, halogen, cyano, nitro, amino and 
hydroxy] 

3. The compound of Claim 2, wherein X is CFH. 

4. The compound of Claim 2 or 3 , wherein R 2 is methyl. 

5. The compound of any one of Claims 2 to 4, wherein R 3 
is pyridinylmethyl (which may have 1 to 3 substituent ( s ) ) . 

6. A compound of the formula (III) or pharmaceut ically 
acceptable salt thereof. 





(HI) 
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[ wherein 

X is CFH, or CF 2# 

R 4 is. ( lower ) alkyl , 

R 5 is hydrogen, or ( lower ) alky 1 , 

R 6 is ( lower ) alkyl , cycloalkyl, aryl (which may have 
1 to 3 substituent ( s ) selected from the group described 
later ) , or heteroaryl (which may have 1 to 3 substituent ( s ) 
selected from the group described later), and 

R 5 

the partial structure: / may form 

cycloalkylidene , 

the ■ substituent ( s ) " is ( are ) selected from the group 
consisting of ( lower ) alkyl , halogenated- ( lower ) alkyl , 
(lower)alkoxy , aryioxy, halogen, cyano, nitro, amino and 
hydroxy] 

7. The compound of Claim 6, wherein X is CFH. 

8. The compound of Claim 6 or 7 , wherein R 4 is methyl. 

9. The compound of any one of Claims 6 to 8 , wherein R 5 
is hydrogen. 

10. The compound of any one of Claims 6 to 8, wherein 
R 5 is methyl. 

11. The compound of any one of Claims 6 to 10, wherein 
R 6 is methyl. 

12. The compound of any one of Claims 6 to 10, wherein 
R 6 is pyridinyl (which may have 1 to 3 subs t ituent ( s ) ) . 

13. The compound of any one of Claims 6 to 10, wherein 
R 6 is pyrimidinyl (which may have 1 to 3 subs t ituent ( s ) ) . 
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14. A medicament comprising a compound of any one of 
Claims 1 to 13 as an active ingredient. 

15 ♦ A pharmaceutical composition comprising a compound 
of any one of Claims 1 to 13 as an active ingredient, in 
association with a pharmaceut ically acceptable carrier 
or excipient. 

16. An inhibitor of DPP-IV consisting of a compound of 
any one of Claims 1 to 13. 

17. A method for treatment and/or prevention of NIDDM 
which comprises administering an effective amount of the 
compound of any one of Claims 1 to 13 to human beings or 
animals . 

18. The compound of any one of Claims 1 to 13 for use 
in the treatment and/or prevention of NIDDM in human beings 
or animals . 

19. Use of the compound of any one of Claims 1 to 13 for 
the manufacture of a medicament for treatment and/or 
prevention of NIDDM in human beings or animals. 

20. A commercial package comprising the pharmaceutical 
composition containing the compound (I) identified in any 
one of Claims 1 to 13 and a written matter associated 
therewith, wherein the written matter states that the 
compound (I) can or should be used for preventing or 
treating NIDDM. 
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